top  secret  UK  NATIONAL  ARCHIVES 
REFERENCE  CAB  175/4 

CABINET  OFFICE  WAR  BOOK 
CHAPTER  2 

ACTION  W  THE  EVENT  OF  AN  ATTACK  TOTHDUT  j^ARM^ 

1  -      I1j  would  be  possible  for  a  potential  enemy  to  launch  a  full-scale  nuclear 
attack  against  this  country  without  any  readily  detectable  preparations .  We 
might  therefore  (if  there  had  been  no  period  of  tension  to  a±ert  us}  have  very 
little  time  -  possibly  less  than  an  hour  ~  in  which  to  prepare. 

2.      Beyond  the  instant  alerting  of  the  Air  Defence  System  and  any  nuclear 
retaliation  forces,  it  is  not  considered  practicable  to  make  any  detailed  plans 
for  such  a  situation. 


3.  Immediate  action  required  by  the  Cabinet  Office  is  given  below,  and  further 
action  would  be  decided  upon  ad  hoc  at  the  time. 
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Appendix  Z. 

Serials  Z„3 
and  Z.4 

i 

i        On  receipt  of  information 

from  Chief  of  the  Air  Staff 

that  an  attack  on  this 

country  is  imininent  ~ 
j                    "     — " 

| 

« 

j 

SECRETARY  - 

(a)  Confina  with  the  Private 

Secretarv  to  the  Pr*n  hp 
2£Lnister  where  Cabinet 
meeting  is  to  be  held. 

(b)  Inform  the  following  of 

events  and  of  the  \ 
location  of  the  meeting-! 

(l)    Foreign  Secretary 
(ii)    Home  Secretary 
(iii)    Secretary  of 

State  for  Defence 
(iv)    Chief  of  the 

Defence  Staff 

The  Chief  of  the  Air 
Staff  will  have  made 
necessary  dispositions 
to  avoid  loss  of  aircraft 
on  the  ground  by  enemy 
action,    He  will  also  have 
informed  the  Prime  Minister; 
i  Secretary  of  the  Cabinet 
i  and  the  Chief  of  Defence 
Siaff# 
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SECRETARY  - 

Proceed  immediately  to 
meeting  with  Prime  Minister 
and  other  Ministers  and 
Chief  of  the  Defence  Staff 

At  the  meeting  the 
Private  Secretary  to 
the  Prime  Minister  will  \ 
arrange  for  the  latter  I 
to  speak  to  the  President  I 
of  the  United  States,  j 
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IMPLEMENTATION  OF  GOVERNMENT  WAR  BOOK  MEASURES 
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War  Book 
Serial 
No* 

Corres- 
ponding 

Government                Action  to  be  taken 
War  Book 
Measure 

Remarks 

(0 

(2) 

(3) 

(4) 

CAB.  3 

r  On  receipt  of  any  inf  ormation 
which  is  considered  by  the 
Current  Intelligence  Groups  to 
constitute  a  positive  indication 
that  an  attack  on  this  country  is 
to  be  exuected" 

SECRETARY  JOINT  BITELIJGENCE 

committee  (JIC)  - 

(a)  Call  immediate  meeting  of  JIC, 

to  which  American  and 
Canadian  representatives  are 
to  be  invited. 

(b)  Warn  - 

(i)  Secretary  of  the  Cabinet 
(ii)  Defence  Secretariat, 
Cabinet  Office 
(iii)  Secretary,  Chiefs  of 

Staff  Committee  (or,  out 
of  working  hours, 
Defence  Operations  Centre 
Duty  Officer,  MOD) 

Intelligence  procedure  on 

indicator  is  set  out  in 
detail  in  Chapter  17  of  the 
JIC  Watch  Manual 
(JIC(66)  6  (Final)) 

CAB.  4 

Appendix  Z 
Group  A 
Serial  1 ,1 

If  JIC  agree  that  a  nation  of  the 

GSPS  would,  on  receipt  of 
this  warning,  arrange  a 
secure  speech  and/or 
telegraph  circuit  between 
the  Prime  Minister  and  the 
President  of  the  United 
States  (see  Serial  CAB  14). 

SAGEUR  and  SACLANT  would  in 
any  event  be  informed 

Soviet  bloc  is  about  to  engage  in 

hostilities  with  this  country  - 

SECRETARY,  JIC  - 
Inform  - 

(a)  Private  Secretary  to  the 

rrxne  liinister 

(b)  Secretary  of  the  Cabinet  (and 

Defence  Secretariat,  Cabinet 
Office) 
(o)  Home  Secretary 

(d)  Foreign  Secretary 

(e)  Secretary  of  State  for  Defence 

(f)  Chief  of  the  Defence  Staff 

(g)  United  States  and  Canadian 

Intelligence  Authorities 

(h)  Standing  Group  and  NATO 

Supreme  Cocnandors,  as 
appropriate 
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No. 
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ponding 
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War  Book 
Me  astir  e 


Action  to  be  taken 


Hem&rks 


(2) 


0) 


Fart  II 
Serial  1 .9 


On  receipt  of  notification  from  JIC 


that  an  attack  is  to  be,  expected 


SECRETARY  - 

summon  a  meeting  of  the  Cabinet  to 
•which  the  Chiefs  of  Staff  are  invited. 


Details  of  the  where- 
abouts of  Cabinet 
Ministers  are  in  the 
Duty  Officer  fs  box 


Part  II 
Serial  1 .10 


At  the  meeting  of  the  Cabinet 


(a)  SECHEEAEY  - 

arrange  for  the  Cabinet  to 
consider  - 

(i)  whether  the  Precautionary  Stage 
should  be  instituted; 

(ii)  if  30y  -Aether  decisions  A.1  and 
A* 2  or  any  other  decisions  in 
Part  I  should  be  authorised; 

(iii)  whether  a  request  from  NATO 

Supreme  Commanders  to  declare 
a  Simple  Alert  should  be 
approved; 

(iv)  -whether  the  United  States  and 
Commonwealth  Governments  and 
NATO  should  be  informed  of  any 
decision  to  institute  the 
Precautionary  Stage. 

(b)  remind  the  Cabinet  - 

(v)  that  unobtrusive  measures  to 
improve  the  state  of  readiness 
of  the  Royal  Air  Force  have  been 
initiated; 


The  Chiefs  of  Staff 
will  be  ready  to  make 
recommendations  on  the 
use  of  the  nuclear 
retaliatory  forces 
based  on  the  United 
Kingdom. 

At  an  appropriate  point 
in  the  meeting  the 
Prime  Minister  may 
speak  to  the  Resident 
of  the  United  States, 
to  discuss  nuclear 
retaliation,  emergency 
measures  and  the 
declaration  of  formal 
-Alerts  by  KATO 
Supreme  Commanders. 


(vii)  that  the  institution  of  the 
Precautionary  Sttige  does  not 
automatically  bring  into 
operation  any  further 
precautionary  measures; 
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100  ton  TNT  test  on  1000  ft  section  of  London 
Underground  tube  at  Suf field,  Alberta,   3  Aug  1961 


Atomic  Weapons  Research  Establishment,   "1/ 40th  Scale  Experiment  to 
Assess  the  Effect  of  Nuclear  Blast  on  the  London  Underground  System" , 
Report  AWRE-E2/62,  1962,  Figure  30.      (National  Archives  ES  3/57.) 
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3  PSI  IN  TUBE  STATIONS 

Aldwych  Underground  tube  station  as  Blitz  shelter,  8  October  1940 


ij 

2 1  cms 

The  National  Archives 

ins  1 

1 

i 

2 

Ref.: 

HO  21S/\\b 

3rd  October,  1 963 .  RCSTRICTCD^^ 


HOME  OFFICE 
SCIENTIFIC  ADVISER'S  BRANCH      ^ ,  1 6 

HBSBARCH  ON  BLAST  EFFECTS  IN  TUNNELS 
With  Speolal  Referenoa  to  the  Use  of  London  Tubes  as  Shelter 

by  P.  H.  Pavry 

Summary  and  Conclusions 

The  use  of  the  London  tube  railways  as  shelter  from  nuclear  weapons  raises 
many  problems,  and  considerable  discussion  of  some  aspects  has  taken  place  from 
time  to  time.    But  -  until  the  results  of  the  research  here  described  were  avail- 
able -  no  one  was  able  to  say  with  any  certainty  whether  the  tubes  would  provide 
relatively  safe  shelter  or  not. 

The  more  recent  research  here  described  showed  for  the  first  time  that 
a  person  sheltering  in  a  tube  would  be  exposed  to  a  blast  pressure  only 
about  ^  as  great  as  he  would  be  exposed  to  if  he  was  above  ground,  (in 
addition,  of  course,  he  would  be  fully  protected  from  fallout  in  the  tube.) 

Large-Scale  Field  Test  (1/40)  at  Suf field,  Alberta 

(6) 

The  test  is  fully  described  in  an  A.W.R.E.  report ^    .    The  decision  of 
the  Canadian  Defence  Research  Board  to  explode  very  large  amounts  of  high 
explosive  provided  a  medium  for  a  variety  of  target-response  trials  that  was 
welcome  at  a  time  when  nuclear  tests  in  Australia  were  suspended.  A.W.R.E. 
used  the  100-ton  explosion  in  1S?6l  to  test,  among  other  items,  the  model 
length  of  the  London  tube,  at  1/40th  scale,  that  had  already  been  tested 
at  Vl17  scale. 


Blast  Entry  from  Stations 

There  was  remarkable  agreement  with  the  */n7th  scale  trials: 
"maximum  overpressure  in  the  train  tunnels  was  of  the  order  of  yrd  the 
corresponding  peak  shock  overpressure  in  the  incident  blast.    The  pres- 
sures in  the  stations  were  about  V6th  those  in  the  corresponding  incident 
blast  

(6)     1/W>th  Scale  Experiment  to  Assess  the  Effect  of  Nuclear  Blast  on 
the  London  Underground  System.    A.W.R.E.  Report  E^/62. 

(Official  Use  Only.) 


UK  National  Archives:  HO  225/54  and  CAB  21/4053 


HOME  OFFICE 
SCIENTIFIC  ADVISERS'  BRANCH 

The  Circulation  of  this  on  per  has  been 
strictly  limited.     ^r  §fr*!&t  CD/SA  54 

It  is  issued  for  the  personal  use  of   r  i 

SECRET   1  "  Copy  No,  ^4 

Some  Aspects  of  Shelter  and  Evacuation  Policy 
to  meet  H-Bomb  threat 

^  Introduction 

At  the  present  time,  with  such  air  raid  shelters  as  are  at  present  in 
existence  and  allowing  for  the  planned  evacuation  of  the  priority  classes, 
the  deaths  from  a  single  hydrogen  bomb  (assumed  to  have  a  power  a  thousand 
times  that  of  the  Nagasaki  atomic  bomb)  on  London  would  be  nearly  2-jjr  million, 
and  from  five  bombs,  one  each  on  London,  Birmingham,  Liverpool,  Manchester 
and  Glasgow  over  6  million.    The  first  object  of  Civil  Defence  must  be  to 
prepare  a  scheme  to  reduce  this  figure.    No  attempt  is  made  in  this  note  to 
plan  such  a  scheme,  but  the  effect  on  casualties  of  certain  arbitrary  shelter 
and  evacuation  measures  is  discussed  in  order  to  indicate  the  order  of 
magnitude  of  the  reduction  which  a  properly  ivorked  out  scheme  might  be  expected 
to  achieve. 


2  Method  of  Estimating  Deaths 

The  deaths  from  a  nominal  atomic  bomb  among  a  population  of  standard 
density  (43.56  per  acre)  all  in  houses  have  been  estimated  (CDJPS(EA)(48)14 
(Revised))  as  31,000.    This  is  equivalent  to  everyone  within  0.6  miles  of  the 
bomb  being  killed  and  no  one  being  killed  outside  this  radius.    If  the 
generally  accepted  sealing  laws  for  blast  heat  and  gamma  radiation  are 
assumed  to  apply  to  hydrogen  bombsi,  then  it  will  be  sufficiently  accurate  for 
present  purposes  if  we  assume  that  for  them  everyone  is  killed  within  a 
radius  of  0.6         and  no  one  is  killed  outside  this  radius.     (Where  P  is  the 
lower  factor  of  the  bomb  expressed  as  a  multiple  of  the  lower  of  the  nominal 
bomb)*    This  assumption  ignores  the  possibility  that  under  certain  circumstances 
there  could  be  a  large  number  of  additional  casualties  due  to  fall  out  or 
radio-active  crater  debris. 

Prom  this  and  from  the  kitown  night-time  population  distribution  of  our 
major  cities  (CD/SA  33),  it  is  a  simple  matter  to  calculate  the  deaths  from 
a  bomb  of  any  power  on  the  centre  of  any  particular  city. 

It  must,  however,  be  emphasised  that  the  figures  given  in  this  note  are 
deaths  only.    For  the  nominal  atomic  bomb  it  has  usually  been  assumed  that 
the  injured  are  about  equal  in  number  to  the  killed.    For  the  five  hydrogen 
bombs  considered  in  this  note  it  is  fairly  certain  that  the  killed  would  outr- 
number  the  injured  due  to  the  high  population  densities  in  the  central  (killed) 
areas  as  compared  with  the  outer  (injured)  annul  1 .    However,  for  the  present, 
no  attempt  has  been  made  to  estimate  the  number  of  injured,  but  in  considering 
the  figures  given  in  this  note  the  existence  of  additional  very  large  numbers 
of  injured  must  be  borne  in  mind. 

3  Deaths  with  no  shelter  or  evacuation 

Table  1  shows  the  deaths  that  would  result  from  a  bomb  with  a  power  of 
10QN,  50CN  and  100011  on  the  centre  of  each  of  our  five  largest  cities  with 
no  shelter  or  evacuation. 


(N  =  20  kt) 


Table  1 

Deaths  with  no  evacuation  and  no  shelter 


2Mt 

10  Mt 

20  Mt 

City 

Power  of  bombs 

10QN 

soon 

1000N 

830,000 

2  L20  OOO 

OJXWXTtgilBin 

7  ,  UfUp  UUU 

7 ,  jOvp  WW 

b-xasgow 

780,000 

1,180,000 

1,330,000 

Liverpool 

590,000 

1,080,000 

1,280,000 

'Manchester 

560,000 

1,070,000 

1,350,000 

Total 

5,260,000 

6,820,000 

8,660,000 

It  will  "be  seen  that  deaths  from  the  five  1000N  tombs  total  over 
8.6  million.  g  x  2q  Mt) 

4      Effect  of  Shelter  on  deaths 

Detailed  designs  of  shelters  required  to  give  protection  at  specified 
distances  from  hydrogen  bombs  of  various  size,  particularly  if  burst  at  ground 
level,  have  not  been  worked  out.    However  it  is  of  some  interest  to  see  what 
reduction  in  deaths  would  result  from  shelters  of  specified  performance,  even 
though  it  is  uncertain  just  what  strength  and  thickness  would  be  required  to 
give  that  performance.    The  simplest  way  of  specifying  shelter  performance  is 
by  means  of  the  "Safety  Rating11  concept  developed  in  CD/feA  48.    The  safety 
rating  of  a  shelter  was  there  defined  as  the  saving  in  life,  expressed  as  a 
percentage  of  the  deaths  without  shelter,  resulting  from  the  use  of  the  shelter 
in  an  area  of  uniform  population  density.    This  shelter  with  a  safety  rating 
of  80  would  save  8<$  of  the  lives  that  would  have  been  lost  if  everyone  had 
been  in  a  house.    Put  in  another  way,  shelter  with  a  safety  rating  of  80 
would  reduce  the  area  within  which  deaths  occurred  to  one  fifth  of  that  for 
people  in  houses,  and  therefore  the  radius  of  death  to       ,    For  a  bomb  with 
a  power  factor  of  P  the  equivalent  radius  of  death  if  Everyone  is  in  a  shelter 
with  a  safety  rating  of  80  will  therefore  be  0.6  3/f.    Similarly  for  shelter  with 


a  safety  rating  of  90  the  radius  will  be  0.6 

Ad 


Although,  as  stated  above,  the  design  details  of  shelters  to  give  these 
safety  ratings  have  not  been  determined,  it  seems  probable  that  surface  or 
trench  shelters  of  rather  less  than  Grade  A  strength  (say  1000  lb/sq.ft.) 
would  be  required  to  give  a  safety  rating  of  80,  and  that  a  strength  of  about 
2000  lb/sq.ft.  would  be  required  for  a  safety  rating  of  90.    For  small  street 
surface  shelters  the  extra  cost  of  an  increase  in  strength  of  this  sort  is  very 
small  (e.g.  the  structural  cost  of  a  12,f/l000  lb/sq.ft.  design  is  given  in 
CD/SA  4B  as  £15.2  per  person,  based  on  seated  capacity)  and  of  a  12"/Uf00  lb/sq.ft. 
design  as  £15.5  per  person)  and  detailed  studies  may  well  show  that  shelters 
with  a  higher  safety  rating  than  90  are  a  practical  proposition. 

Prom  the  formulae  for  equivalent  radii  of  death  given  above,  and  from  the 
population  distribution  given  in  CD/3A  33  we  can  calculate  the  expected  deaths 
in  these  two  types  of  shelter  under  the  same  conditions  of  attack  as  were 
given  in  Table  1  for  a  population  all  in  houses*    The  results  are  given  in 
Tables  2  and  3. 


Table  2 


Deaths  with  no  evacuation  but  with  everyone 


2Mt 

10  Mt 

20  Mt 

City 

Power  of  bomb 

100N 

50CN 

1000N 

London 

135,000 

474,000 

785,000 

Birmingham 

129,000 

353,000 

484,000 

Glasgow 

223,000 

576,000 

760,000 

Liverpool 

159,000 

401,000 

565,000 

Manchester 

117,000 

386,000 

540,000 

Total 

763,000 

2,190,000 

3,134,000 

(N  =  20  kt) 


Table  3 


Deaths  with  no  evacuation  but  with  everyone 

•  _  l.-U  '  -      O  ^   -n^^l^ry.     ~  -P  OH 


2Mt 

10  Mt 

20  Mt 

City 

Power  of  bomb 

100N 

50QN 

1000N 

London 

59,000 

216,000 

367,000 

Birmingham 

64,000 

191,000 

296,000 

Glasgow 

115,000 

327,000 

489,000 

Liverpool 

78,000 

238,000 

340,000 

Manchester 

49,000 

186,000 

315,000 

Total 

365,000 

1,158,000 

- 

1,807,000 

The  considerations  discussed  above  strongly  suggest  that  the  right  policy 
against  the  hydrogen  bomb  w-uld  be  to  evacuate  the  central  areas  of  our 
larger  cities  and  to  provide  shelter  where  it  is  roost  useful,  i.e.  in  the 
annulus  surrounding  the  central  evacuation  area. 


In  the  meantime,  however,  it  is  of  some  interest  to  examine  the  effect 
on  casualties  of  an  arbitrary  evacuation  area  of  radius  5  miles  in  the  case 
of  London  and  3  miles  in  the  case  of  Birmingham,  Glasgow,  Liverpool  and 
Manchester,  in  conjunction  v/ith  shelter  having  a  safety  rating  of  80  and  90 
in  the  surrounding  annulus.    In  each  case  the  evacuees  from  the  central  area 
are  assumed  to  be  accommodated  in  the  surrounding  annulus,  arbitrarily  taken 
as  between  5  and  15  miles  in  the  case  of  London  and  between  3  and  7  miles  in 
the  case  of  the  other  four  cities.    The  factors  by  which  this  evacuation  would 
increase  the  population  density  in  the  'reception1  annulus  are  as  follows; 
London  1.5,  Birmingham  1.6,  Glasgow  2.5,  Liverpool  1.9  and  Manchester  1.7. 
The  deaths  resulting  from  an  attack  with  100QN  bombs  after  this  scheme  had 
been  implemented  are  shewn  in  Tables  2f  and  5. 


Table  4 


Deaths  from  1000N  "bombs  after  evacuation  of  5  mile  radius  circle 
for  London  and  3  mile  radius  for  other  cities.    Evacuees  assumed 
accommodated  in  surrounding  annulus  where  they  and  the  original 
inhabitants  are  provided  with  shelter  having  a  safety  rating 


Position  of  bomb 

City 

Central 

2  miles 
from  centre 

In  position 

I/O  CaUSt* 

maximum  deaths 

London 

0 

0 

U  1  Vjj  \J\J\J 

Birmingham 

0 

159,000 

256,000 

Glasgow 

0 

171,000 

247,000 

Liverpool 

0 

174,000 

247,000 

Manchester 

0 

164,000 

257,000 

Total 

0 

668,000 

1,525,000 

Table  5 

Deaths  from  100QN  bombs  after  evacuation  of  5  mile  radius  circle 
for  London  and  3  mile  radius  for  other  cities.    Evacuees  assumed 
accommodated  in  surrounding  annulus  where  they  and  the  original 
inhabitants  are  provided  with  shelter  with  a  safety  rating  of  90. 

20  Mt 


Position  of  bomb 

City 

Central 

2  miles 
from  centre 

In  position 
to  cause 

maximum  deaths 

London 

0 

0 

261,000 

Birmingham 

0 

56,000 

155,000 

Glasgow- 

0 

64, 000 

152,000 

Liverpool 

0 

67,000 

152,000 

Manchester 

0 

62,000 

151,000 

Total 

0 

249, 000 

071,000 

It  will  be  seen  from  Tables  4  and  5  that,  with  this  scheme  of  total 
evacuation  of  a  central  area  and  ahelter  in  the  surrounding  annulus,  a  central 
bomb  causes  no  deaths  at  all.    Clearly,  however,  the  enemy  would  be  aware  of 
our  provisions  and  might  well  choose  to  drop  his  bombs  where  they  would  cause 
maximum  casualties.    On  average,  and  without  allowing  for  local  concentrations 
which  would  be  bound  to  occur  in  the  "reception  annulus",  this  would  be  at 
about  7  miles  from  the  centre  in  the  case  of  London  and  about  4  miles  for  the 
other  cities.    The  average  deaths  from  bombs  in  these  worst  positions  are 
therefore  given  in  Tables  4  aixl  5.    Comparing  these  figures  with  those  to 
Table  1  it  will  be  seen  that  evacuation  plus  shelter  with  a  safety  rating  of 
80  has  reduced  deaths  by  82$,  and  plus  shelter  with  a  safety  rating  of  90  by  90^5. 


Conclusion 


Without  shelter  or  evacuation,  the  deaths  from  an  attack  with  only  five 
hydrogen  bombs  might  total  over  85-  million.    The  primary  object  of  Civil 
Defence  must  he  to  reduce  this  figure.    Neither  evacuation  alone  nor  shelter 
alone  could  reduce  these  deaths  to  a  manageable  proportion,  but  with  a 
suitable  combination  of  the  two,  consisting  of  the  total  evacuation  of  the 
population  of  the  central  areas  into  the  surrounding  annuli  where  shelter 
would  be  provided,  it  should  be  possible  to  reduce  the  maximum  deaths  from 
this  particular  attack  to  something  of  the  order  of  one  million. 


April,  1954. 


^     E.  L  W.  =  Edward  Leader-Williams 

SA. VI A/32.  jwhQ  jn  tested  Mo|Tjson  she|ter 

while  John  Fleetwood  Baker's  colleague) 
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29TH  NOVEMBER ,  1Q5Q. 

MINISTRY    OP  DEFENCE 
IMPORTS     RESEARCH  COMilTTBE 

EXAMINATION    OF    PROBLEM     IN    PERIOD    OF  TENSION 
Note  by  the  Chairman. 

The  Chiefs  of  staff  recently  considered*  a  report  by  the-  Uqports 
Research  Committee  of  the  Ministry  of  Defence  on  the  stops  that 
might  be  taken  to  reduce  the  throat  of  the  clandestine  uao  of  atomic 
weapons  against  this  country. 


2. 


This  report  concludod  that: 

(1)    the  following  arc  the  moat  likely  forms  in  which  a 
clandestine  attack  could  toko  place,  in  order  of 
likelihood: 

(a)     concealing  a  complete  atomic  bomb  in  tho  hold 
of  a  merchant  ship  coming  from  a  Soviet  or 
satellite  country; 

(o)    disguising  an  atomic  bomb  by  breaking  it 
down,  into  a  number  of  parts  and  making 
thorn  up  as  merchandise;     this  could  be 
done  on  any  merchant  ship  but  more  easily 
and  safoly  on  one  coming  from  a  Soviot  or 
satellite  country; 

(c)     the  detonation  of  an  atomic  bomb  in  a 

"suicide"  aircraft  flying  low  ovor  a  koy 
point. 

(2)     there  are  no  practicable  and  efficacious  stops  that 
can  bo  taken  in  peace  time  to  prepare  against  any 
of  these  throats. 
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11.  We  understand  that  an  interdepartmental  conroittee  is 
considering  a  ports  Emergency  Anchorage  Scheme  primarily  for 
use  in  war-time  in  case  major  ports  were  rendered  unusable 
by  enemy  action  but  that  the"  dislocation  it  would  cause  to 
merchant  shipping  would  be  so  great  as  to  make  it  quite 
impracticable" to  adopt  any  such  method  of  discharge  in  peace 
time*,  even  if  it  were  only  applied  to  ships  from  a  limited 
number  of  countries. 

Detonation  in  a  Civil  Aircraft  (Method  (c)) 

12.  Method  ( c)  mentioned  in  paragraph  3  above  -  the  use  of 
a  civil  aircraft  carrying  an  atomic  bomb  to  be  exploded  at  a 
low  altitude  -  we  do  not  consider  so  likely  as  the  use  of  a 
merchant  ship;    nevertheless  it  is  possible  and  there  does  not 
seem  to  bo  any  answer  to  it.      The  crew  of  the  aircraft  in 
order  to  detonate  the  bomb  at  the  right  time  would  have  to 
know  what  their  cargo  was  and  would  therefore  be  a  suicide 
squad.      Short  of  firing  on  every  strange  civil  aircraft  that 
appears  over  our  shores  we  know  of  no  way  of  preventing  an 
aircraft  that  sets  out  on  such  a  mission  from  succeeding. 

A  Possible  Deterrent 

13.  It  follows  from  the  above  that  there  is  a  real  risk  of 
attack  in  the  way  described  in  our  terms  of  reference;  and 
that  the  only  effective  way  of  dealing  with  the  most  likely 
method  of  attack  -  namely  a  procedure  for    trans-shipping  all 
cargoes  from  Soviet  or  satellite  countries  before  they  reach 
our  shores  -  would  be  quite  impracticable  in  peace  time. 

14.  We  consider  however  that  there  is  a  real  possibility 
of  deterring  potential  enemies  from  making  an  attack  of  this 
kind  merely  by  a  sufficient  show  of  confidence  that  we  have 
methods  of  dealing  wi.th  it.     Any  claim  to  have  found  a 
scientific  method  of  detecting  an  atomic  bomb  would  be  easily 
seen  through  and   ?ould  be  valueless  as  a  deterrent.      But  a 
confident  assurance  that  we  know  all  about  the  problem  and 
can  deal  with  it  might,  we  believe,  mystify  our  enemy  and  help 
to  dissuade  him  from  talcing  so  fateful  a  step.     It  may  also 

be  possible  for  the  London  Controlling  Section  to  organise 
deceptive  activities  which,  without  indicating  precisely  how 
we  should  set  about  it,  would  support  such  an  assertion;  and 
we  suggest  that  the  Section  should  be  invited  to  examine  the 
problem  in  the  light  of  this  report. 

15.  The  recent  parliamentary  questions  (  answered  on  Wednesday , 
18th  October)  on  this  subject  to  the  Minister  of  Defence 
offered  an  opportunity  for  giving  the  required  assurance. 

The  Minister  of  Defence  said  in  his  reply 

"His  Majesty's  Government  are  fully  aware  of  this  danger. 
It  will  be  appreciated,  however,  that  our  assessment 
of  the  risks  and  the  exact  nature  of  our  plans  for 
meeting  them  would  be  of  the  greatest  interest  to 
a  potential  enemy  and  cannot  be  disclosed.      We  are 
aware  of  the  recent  action  taken  by  the  U.S.  authorities 
and  are  in  touch  with  them  on  the  general  question  of 
defence  against  atomic  attack". 
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Clandestine  Uae  of  Atomic  Weapons 


The  Chiefs  of  Staff  have  hem  considering  the  possibility  that 
the  enemy  might  open  the  next  war  with  an  atomic  attack  on  London  on  the 
model  of  the  Japanese  attack  on  Pearl  Harbour  -  without  warning  and  before 
any  formal  declaration  of  hostilities.    The  most  effective  method  of  making 
such  an  attack  would  be  to  drop  an  atomic  bomb  from  a  military  aircraft. 
If  the  control  and  reporting  system  were  fulOy  manned  and  alert  in  a  period 
of  tension,  there  would  be  some  chance  that  hostile  aircraft  approaching 
this  country  could  be  intercepted  and  driven  off.    At  any  rate,  there  are  no 
special   measures,    outside  the  normal  measures  of  air  defence,  whioh  we 
could  take  in  peace-time  to  guard  against  this  type  of  attack, 
2.  It  is,  however,  possible  that  the  enemy  might  use  other  means 

of  surprise  attack  with  atomic  weapons.    A  clandestine  attack  oould  be 
made  in  either  of  the  following  ways:- 

(i)    A  complete  atomic  bomb  oould  be  concealed  in  the  hold  of  a 

merchant  ship  coming  from  the  Soviet  Union  or  a  satellite  oountry 
to  a  port  in  the  United  Kingdom: 
(ii)    An  atomic  bomb  might  he  broken  down  into  a  number  of  parts  and 
introduced  into  this  country  in  about  fifty  «rv»n  packages  of 
moderate  wei^it.    None  of  these  packages  could  be  detected  by 
instruments  as  containing  anything  dangerous  or  explosive,  and 
even  visual  inspection  of  the  contents  of  the  package s  would 
not  make  identification  certain,    fliese  packages  could  be 
introduced  either  as  ordinary  merchandise  from  Soviet  ships, 
or  possibly  as  diplomatic  freight.    The  bomb  could  subsequently 
be  assembled  in  any  premises  with  the  sort  of  equipment  usual 
in  a  small  garage,  provided  that  a  small  team  of  skilled  fitters 
was  available  to  do  the  job, 
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I&NITION  AND  FIRE  SPREAD  IN  URBAN  AREAS 
F0LL0V/IN&  A  NUCLEAR  ATTACK 
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INITIAL  FIRE  INCIDENCE 
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Thermal  pulse  precedes  the  blast  wave 

Assuming  that  buildings  on  opposite  aides  of  a  street  which  is 
receiving  heat  radiation  from  a  direction  perpendicular  to  its  length 
are  of  the  same  height  we  take  the  average  depth  of  a  floor  to  be  10  ft. 


Effeot  of  Shielding:    Estimation  of  the  number  of  exposed  floors 
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SPREAD  OF  FIRE 

From  last  war  experience  of  mass  fire  raids  in  Germany  it  was  concluded 
that  the  overall  spread  factor  was  about  2;    i.e.  about  twice  as  many  buildings 
were  destroyed  by  fire  as  were  actually  set  alight  by  incendiary  bombs 

Number  of  fires  started  per  square  mile  in  the 
fire -storm  raid  on  Hamburg,  27th/28th  July,  1943 

102  tons  H.E.    h8  tons,  4  lb.  magnesium  40  tons,  30  lb.  gel. 
100  fires                27,000  bombs  3,000  bombs 

8,000  on  buildings  900  on  buildings 

1 ,600  fires  800  fires 

2,500  fires  in  6,000  buildings 


However,  the  important  thing  to  note  is  that  the  total  number  of  fires 
stsrted  in  each  square  mile  (2,500)  was  nearly  half  that  of  the  total  number  of 
buildings;  in  other  words,  almost  every  other  building  was  set  on  fire 

When  the  figure  of  1  in  2  for  the  German  fire  storms  is  oompared  wits  the 
figures  for  initial  fire  incidence  of  ro  1  in  1 5  to  30  obtained  in  the  Birmingham 
and  Liverpool  studies  it  can  only  be  oonoluded  that  a  nuclear  explosion  could  not 
possibly  produce  a  fire  storm. 


SECONDARY  FIRES  FROM  BLAST  DAMAGE   IN  LONDON 

Fire  situation  from  1 .499  fly  bombs  in  the  built-up 
part  of  the  London  Region 

(Fires  from  1  ton  TNT  VI  cruise  missiles,  1944) 


Number 
of  fly 
bombs 

Ply   Bombs  Caused 

No  fire 

Small 
fire 

Medium 
fire 

Serious 
fire 

Major 
fire 

Grand  Totals 

1,499 

804 

609 

75 

7 

4 

Th4  large  proportion  started  no  fires  at  all  even  in  the  most  heavily  built-up  areas. 

All  these  fly  bombs  fell  in  the  summer  months  of  1 944  which  were  unusually 
dry.    In  winter  in  this  oountry  in  residential  areas  there  are  many  open  fires 
whiob  may  provide  extra  sources  of  ignition.    The  domes tio  occupancy  is  a  low 
fire  risk  however,  and  as  the  proportion  of  such  property  in  the  important  City 
and  West  End  areas  is  small  this  should  not  introduce  any  serious  error,  More- 
over, in  winter,  the  high  atmospherio  humidity  and  the  correspondingly  high 
moisture  oontent  of  timber  would  tend  to  retard  or  even  prevent  the  growth  of  fire. 

Takata,  A.N.,  Mathematical  Modeling  of  Fire  Defenses, 
IITRI,  March  1970,  AD  705  388. 
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1  HB-8 

The  house  at  Main  and  Elm  Streets.  Two  typical  colonial  two-story  center 
haft  frame  dwellings  were  placed  at  3,500  and  7,500  feet  from  the  bomb 
tower.  I FC 0,4 —Operation  Doorstep—  Yucca  Hot.  Nev.,  Mar.  17,  1953 J 


- 


1  HA-1 1 

House  No.  I.  from  the  camera  tower  from  which  the  dramatic  collapse  pic- 
tures were  token.  The  Post  Office  truck  to  the  left,  although  it  lost  all 
windows  and  suffered  body  damage,  was  driven  away  fater,  os  was  the 
car  in  the  rear  of  the  house.  Entry  to  the  basement  was  mode  through  the 
corner  at  lower  center.  I FCD A— Operation  Doorstep— Yucca  Flat,  Nev., 
Mar.  17,  I953J 


X-19 

This  mannequin  can  only  stay  in  the  position  in  which  he  was  placed,  staring 
through  the  window  at  coming  disaster.  A  real  occupant  of  this  house  could 
IFCDJl—Operafion  Doorstep—  Yucca  Flat,  Nev., 


Mar.  17,  1993.1 


LSA-2 

3,500  feet  from  ground  zero.  The  house  overhead  is  totally  destroyed,  some 
of  it  has  fallen  into  the  basement,  but  the  mannequin  in  the  lean-to  shelter 
is  undisturbed.  The  photo  was  taken  from  ground  level,  looking  info  the 
basement  through  the  gap  between  the  basement  wall  and  the  broken  floor 
timbers.    I  FCD  A — Operation  Doorstep — Tucea  Flat,  Nev.,  Mar.  17,  1953.  J 
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DISTANCE  FROM  GROUND  ZERO  (MILES) 

Scaling.  For  yields  other  than  1  KT,  the  range  to  which  a  given 
overpressure  extends  scales  as  the  cube  root  of  the  yield 
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Figure  6.11  Scaled  pt  data,  Shots  Cactus  and  Koa,  with  free-air 
1  kt  curve  (from  TM  23-200)  scaled  to  1.6  kt. 
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OISTANCE  FROM  GROUND  ZERO  (Kfl) 
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effect  of  figure  h.h    Comparison  of  measured  and  calculated  Castle 
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attenuation  of  pressure,  Shot  5. 
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USE  OF  GADGET  IN  RAIN  OR  FOG 

WORK  DONS  BY:  WRITTEN  BY; 

WQ  G0  Penney  Wo  Ga  Penney 

ABSTRACT 

The  loss  of  performance  of  a  gadget  exploded  in  rain  or  fog  is  consideredo 
The  losses  for  different  charge  weight  equivalents    W    are  proportional  to  a  low 
power  of    VV0    According  to  one  approximate  solution,  the  power  of   Vil    is  0Q075> 
according  to  second,  the  power  is  0o125<,    Using  the  experimental  fact  that  the  loss 
of  peak  pressure  in  the  blast  from    500-lb  MC  bombs  at  the  5  pos0io  level  in  a  fine 
wetting  rain  at  Millersford,  England  in  August  1944  was  5  percent,  and  the  loss  of 
positive  duration  was  also  5  percent,  it  follows  that  the  loss  of  performance  for  a 
gadget  in  similar  conditions  would  be  at  least  15  percent  in  peak  pressure  * 

USE  OF  GADGET  IN  RAIN  OR  FOG 

Teller  and  Critohfield  in  some  unpublished  calculations  deduced  that  a 
large  explosion  ocourring  in  a  rain  or  ffcg  would  lose  considerably  in  power  because 
of  attenuation  resulting  from  the  evaporation  of  the  water  droplets & 

PART  I,    QUALITATIVE  ARGUMENTS  ON  5 00- LB  BOMB  AND  THE  GADGET 

There  is  definite  experimental  evidence  that  if  a  600- lb  MC  bomb  is 
exploded  in  fine  rain,  a  loss  of  performance  occurs 0    A  number  of  these  bombs 
(at  least  12)  were  fired  on  successive  days  at  Millersford  (England),  and  two 
British  teams    (Armament  Research  Development*  Woolwich  and  Road  Research  Laboratory, 
Department  of  Scientific  <and  Industrial  Research)  made  simultaneous  recordings* 
eaoh  with  their  own  sets  of  piezo«eleotric  gauges,  the  purpose  being  a  mutual  check 
of  consistency  and  absolute  aoouraoy  of  recording 0    In  every  case,  a  check  within 
one  percent  was  obtained*.    However,  the  weather  happened  to  be  variable,  and  a  fine 
rain  was  falling  during  some  of  the  trials a    The  observation  wa3  made  and  confirmed 
by  everybody  concerned  that  the  bombs  were  not  giving  their  normal  blast  while  rain 
was  falling0 


was  in  the  region  3-5  lb/in2    was  10  percent  and  the  loss  of  overpressure  was 
S  per o en t0 

A  moderate  rain  corresponds  to  about  0ol»cm  precipitation  per  hour;  the 
radii  of  the  raindrops  range  from  0o02  to  02  cm0    The  proportion  of  liquid  water 
to  air  by  volume  is  about  one  part  in  ten  million*    A  very  heavy  rain  could  corres- 
pond to  a  ratio  five  times  higher *    A  very  heavy  country  fog  corresponds  with  a 
ratio  of  one  part  in  a  million*    (See  Brunt,  Physical  and  Dynamical  Meteorology,* ) 

The  proportion  by  volume  of  rain  drops  to  air  in  the  Millersford  trials, 
mentioned  above,  was  about  one  in  ton  million*    The  peak  overpressure  from  a 
500-lb  MC  bomb  is  5  lb/in2  at  35  metres*    The  volume  of  the  raindrops  in  a  hemis- 
phere of  radius  35  metres  was  thus  9  x  id5  cc,  and  the  heat  of  evaporation  of  this 
quantity  of  water  is  S05  x  106  calories<>    The  energy  in  the  positive  blast  wave  at 
35  metres  is  6  x  106  calories,  and  in  the  rain  is  10  percent  less,  namely  5*4  x  106 
calories o    Hence  it  is  clear  that  not  all  of  tho  raindrops  in  the  35-m  hemisphere 
were  evaporated;    actually  about  one  ninth  of  the  water  was  vaporised*    No  doubt, 
the  raindrops  near  to  the  explosion  were  completely  evaporated,  while  further  away, 
only  partial  evaporation  occurred* 
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L.  Wayne  Davis,  Donald  L.  Summers,  William  L.  Baker,  and  James 
A,  Keller,  Prediction  of  Urban  Casualties  and  the  Medical  Load  from 
a  High- Yield  Nuclear  Burst,  DC-FR-1060,  The  Dikewood  Corporation 

For  people  in  or  shielded  by  structures  in  Japan,  the  blast  and 
initial-nuclear  radiation  were  the  dominant  immediate  effects. 
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S.S.  Grandchamp  at  Texas  City  exploded  in  1 947.  It  contained  2.3  kt 
of  ammonium  nitrate  in  100-lb  paper  bags,  but  only  the  0.88  kt  in  No.  4  hatch 
was  tamped  and  exploded  after  catching  fire.  TNT  equivalent  was  0.67  kt. 
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TN-1058-1,  December  1966 
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Symposium  on  Mass  Fire 
Research  conducted 
February  6-9, 1967  under  the 
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Thermal  Radiation,  of  the 
Technical  Cooperation 
Program). 
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Hamburg  firestorm  area  =  45%  area  covered 
by  buildings  containing  70  Ib/sq.  ft  of  wood 
Hence  0.45  x  70  =  32  Ib/sq.  ft  of  wood  loading 
Every  1  lb  of  wood  =  8000  BTU  of  energy 
Over  2.9  hours:  685  million  BTU/sq.  mile/sec. 

1  BTU  (British  Thermal  Unit)  = 
energy  for  1  F  rise  in  1  lb  of  water 
=  252  calories 

Severe  firestorms  require 
600  BTU/sq.  mile/second 

FATALITIES  IN  WORLD  WAR  II  FIRES 
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Lommasson  and  Keller,  A  Macroscopic  View  of  Fire  Phenomenology  and  Mortality 
Predictions,  Dikewood  Corporation,  DC-TN- 1058-1,  December  1966. 

J.  A.  Keller,  A  Study  of  World  War  II  German  Fire  Fatalities, 
DC-TN-1 050-3,  The  Dikewood  Corporation;  April,  1966. 


R.  Schubert,  Examination  of  Building  Density  and  Fire  Loading  in  the 
Districts  Eimsbuettel  and  Hammerbrook  of  the  City  of  Hamburg  in  the 
Year  1943  (20  volumes,  in  German),  Stanford  Research  Institute; 
January,  1966. 
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4.1.2  Factors  Contributing  to  the  Greater  Degree  of  Thermal  Protection 
in  the  Field, 


There  are  several  conditions  encountered  in  the  field,  espe- 
cially at  the  higher  energy  levels,  but  nob  duplicated  la,  the  labora- 
tory (at  least  not  up  to  the  present  time)  that  may  account  for  the 
fact  that  like  amounts  of  thermal  energy  did  not  produce  comparable 
results  in  the  laboratory  and  in  the  field*   First,  the  thermal  energy 
is  delivered  much  more  rapidly  with  the  explosion  of  an  atomic  bomb 
than  it  is  in  the  laboratory.   Second,  due  to  smoke  obscuration  the 
animals  in  the  field  actually  received  a  smaller  percentage  of  the 
total  energy  delivered  than  they  did  in  the  laboratory.   Third,  the 
blast  wave  following  the  explosion  tended  to  extinguish  flames  and 
remove  char,  whereas  no  such  wave  was  present  in  the  laboratory  tests. 
Fourth,  where  the  heat  reached  the  fabric  layer  next  to  the  skin, 
uniform  drape  (or  spacing)  provided  additional  protection  in  the  field. 

(2)  Motion  pictures  of  clothed  animals,  exposed  to  50.0 
and  33.5  cal/cm2  on  Shots  9  and  10  respectively,  showed  heavy  clouds 

of  black  smoke  enveloping  the  animals  within  120  ms  of  the  explosion. 

(3)  The  blast  wave  following  the  explosion,  which  has  not 
been  duplicated  in  laboratory  applications  of  thermal  energy,  has  two 
possible  protective  effects.    First,  it  can  be  expected  to  extinguish 
flames  induced  by  the  radiation  in  assemblies  not  treated  for  fire 
resistance,  thus  removing  a  source  of  high  heat.    Although  the  blast 
wave  may  not  actually  extinguish  bhe  flame  in  all  cases,*  it  can  be 
expected  in  general  to  have  this  effect.    Second,  the  blast  wave  would 
tend  to  remove  any  char  which,  if  allowed  to  remain,  would  act  as  a 
heat  reservoir  and  increase  the  likelihood  of  a  severe  burn. 

46 


Fig.  3.5   Destruction  of  Outer  and  Second  Layers 
of  Pigs1  Uniforms  (Shots  9  and  10) 
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1.2.2  Comparison  of  Skin-Simulant  Response  and  Burns  to  Pigs.  The  Improved  NML  skin 
simulant,  molded  from  silica-powder-filled  urea  formaldehyde,  has  the  thermocouple  embedded 
at  a  depth  of  0.05  cm  In  order  to  give  burn  predictions  based  on  maximum  temperature  attainment. 
The  basic  criterion  is  a  rise  of  25  C  or  more  for  a  second-degree  burn  to  human  skin  or  for  a 
2+  mild  burn  to  pig  skin.  This  criterion  is  based  on  the  assumption  of  (1)  the  equivalence  of  a 
minimal  white  burn  on  the  rat  skin  (or  a  2+  mild  burn  in  pig  skin)  to  a  second-degree  burn  In 
human  skin,  (2)  an  initial  skin  temperature  of  81 C,  and  (3)  correspondence  of  the  thermal  pro- 
perties of  pig,  rat,  and  human  skin.  The  accuracy  of  such  a  burn  prediction  in  terms  of  indicent 
radiant  exposure  is  estimated  to  be  ±  10  percent.  A  skin-simulant  temperature  rise  of  20  C  or 
greater  is  estimated  to  correspond  to  a  first-degree  human  burn  or  a  1+  moderate  pig  skin  burn, 
and  a  rise  of  35  C  is  estimated  for  a  third-degree  human  burn  or  a  3+  mild  pig  burn.  The  latter 
estimations,  probably  accurate  to  ±  20  percent,  are  based  on  pig-burn  data  obtained  at  the  Uni- 
versity of  Rochester  (Reference  6). 
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CONFIDENTIAL 


TABLE  2.1    RADIANT  ABSORPTANCES  OF  SKIN 
SIMULANT  AND  STANDARD  FABRICS 


Specimen  Radiant  Absorptancc 


Skin  simulant,  bare  0.72 

Skin  simulant,  blackened  0.95 

Poplin,  Shade  US,  S-oz/yd*  0.63 

Sateen,  gray,  9-oz/yd2  0.91 

15 
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NOTE:  These  pigs 
were  strapped 
to  tables  and 
could  not  beat 

or  roll  out  outer 
garment  ignition 

unlike  humans 


4  •  13  16  20 

Equivalent  Field  Rodiont  Exposure,  col  /cm* 


OSTI  ID:  4411414  «-e& 

STUDIES  OH  FLASH  BURNS: 
THE  PROTECTION  AFFORDED  BT  2,  k  AND  6  LAYER  FABRIC  COMBINATIONS 
George  Mixter,  Jrc,  M0  Do  and  Herman  E Q  Pearse,  Mo  D* 
THE  UNIVERSITY  OF  ROCHESTER 
ABSTRACT 

Fabric  interposed  "between  a  carbon  arc  source  and  the  skin  of  Chester 
White  pigs  increased  the  amount  of  thermal  energy  required  to  cause  2+  turns* 
For  the  2,  k  and  6  layers  of  fahric  studied  this  increase  was  3<>6,  38  and 
over  10*1-  cal/cm2  respectively  when  the  inner  layer  of  fabric  was  in  contact 
with  the  skin0    Separation  of  the  inner  layer  from  the  skin  by  5  ram  increased 
the  protective  effect  of  the  2  layer  combination  from  7.t  to  29  cal/cm2, 
provided  the  outer  layer  was  treated  for  fire  retardation    If  the  outer  layer 
was  not  so  treated,  sustained  flaming  occurred  which  in  itself  added  to  the 
thermal  buxn0 

INTRODUCTION 

In  the  past,  work  in  this  laboratory  has  been  directed  toward  a  study 
of  flash  burns  in  unshielded  skin*    It  is  well  known  from  the  atomic  bombing 
in  Japan  that  this  type  of  bum  was  modified  by  clothing „    A  laboratory 
analysis  of  the  protective  effect  of  fabrics  against  flash  burns  was  begun 
(5)  by  shielding  the  skin  with  a  few  representative  fabrics  and  their  com- 

binations0       1.    2  Layers  20    k  Layers 

a.  light  green  oxford  olive  green  sateen 
knitted  cotton  underwear           thin  cotton  oxford 

wool-nylon  shirting 

b.  light  green  oxford  (HPM)  knitted  cotton  underwear 


knitted  cotton  underwear 


3o    6  layers 

olive  green  sateen 
thin  cotton  oxford 
mohair  frieze 
rayon  lining 
wool-nylon  shirting 
knitted  wool  underwear 


5o    M©rton,  JQ  EL,  Kingsley,  Ho  D0,  and  Pearse*  Ho  Ec ,  "Studies  on  Flash 
Bums:    The  Protective  Etfect®  of  Certain  Fabrics",  Surgery,  Gynecology 
aM  Obstetrics ,  gjj.,  ^97~5©1  (April  1952)  0 


Hiroshima    railing,    above,    protected    the    area  Well-built   concrete   structure,   below,  remained 

immediately  behind  it  from  flash  burns.  So,  if  standing  in   Hiroshima   amid   rubble   of  frailer 

you're  in  the  open  country  when  an  A-bomb  is  buildings.  So.  if  you're  in  the  city  streets  when 

dropped,  take  cover  behind  nearest  tree,  insert.  bomb  falls,  take  cover  in  nearest  building,  insert 


The  U.  S,  Strategic  Bombing  Survey 
No.  5  undertaken  by  the  U.  S.  Air  Force, 
states  flatly:  'The  most  instructive  fact  at 
Nagasaki  was  the  survival  of  the  few  hun- 
dred people  who  were  properly  placed  in 
tunnel  shelters.  Without  question,  shelters 
can  protect  those  who  get  to  them  against 
anything  but  a  direct  hit." 

The  best  protection  from  shock,  radia- 
tion and  heat  is  reinforced  concrete;  almost 
as  good  is  closely  packed  earth.  The  thick- 
ness required  to  protect  you  fully  depends, 
obviously,  on  the  distance  from  the  blast. 
How  much  protection  and  at  what  dis- 
tances? Well  many  other  factors  influence 
the  effect  of  an  atomic  blast,  including 
height  of  the  burst,  direction  of  the  blast 
and  types  of  buildings  in  its  path.  The 
government  handbook,  The  Effects  of 
Atomic  Weapons,  estimates  that  at  a  half- 
mile  from  the  explosion,  a  12-inch  rein- 
forced concrete  wall  inside  a  building 
would  provide  enough  protection. 


Target  area  at  Hiroshima  was  completely  leveled  except  for  a  few  reinforced  concrete  building  frames. 
That's  why  American  builders  of  A-bomb  shelters  concentrate  on  the  use  of  thick  concrete  walls. 


Head  for  the  basement  as  soon  as  the  siren 
sounds  and  remain  as  close  as  possible  to 
heavy,  supporting  columns  to  avoid  the  dan- 
ger of  collapsing  beams.  Stay  away  from  all 
entrances  and  all  windows.  If  there  are  heavy 
steel  doors  and  shutters,  close  them. 

The  British  government  recommends 
construction  of  raid  shelters  on  the  order 
of  the  Anderson-type,  built  outside  many 
British  homes  during  the  Hitler  blitz.  These 
were  steel  arches,  six  feet  high  and  four- 
and-a-half  feet  wide,  half  buried  in  the 
ground.  Civil  defense  authorities  assert 
that  if  three  feet  of  earth  were  piled  above 
the  arch,  the  shelter  could  protect  all  inside 
from  the  four  main  causes  of  death  and 
injury. 

Don't  be  in  a  rush  to  emerge  from  your 
hideout — stay  there  until  you  have  been 
assured  the  bomb  will  not  be  dropped,  long 
enough  for  radiation  outside  to  wear  off. 


IF  YOU  ARE  TRAPPED  ON  THE  TOP 
FLOOR  OF  A  BUILDING  .  .  . 
and  descent  to  the  basement  is  prevented  by 
jammed  elevators  and  stairs,  don't  join  the 
mob  battling  to  get  down.  Proceed  to  a  point 
as  close  to  the  center  of  the  building  as  pos- 
sible and  he  against  a  wall  or  strong  support- 
ing column,  out  of  line  of  the  windows.  Or 
crawl  under  a  table,  sofa  or  desk  which  would 
provide  protection  against  flying  glass. 

IF  YOU  ARE  WALKING  ON  THE 
STREET  .  .  . 

get  out  of  the  open.  Remember  that  flash 
and  flame  burns  killed  50  per  cent  of  the 
106,000  persons  who  died  in  the  atomic  attack 
on  Hiroshima  and  Nagasaki  and  accounted  for 
75  per  cent  of  all  casualties.  The  bomb's  heat 
rays  travel  in  a  straight  line— so  all  you  have 
to  do  is  get  inside. 

Head  for  the  nearest  official  shelter.  If 
there  aren't  any,  a  subway — the  deeper  the 
better — will  do  as  well. 


Japanese  landscape:  Main 
Street,  Hiroshima,  shortly 
after  the  first  atomic  air 
burst.  Reinforced  concrete 
withstood   blast   the  best 


CHOOSE  STRONGEST  CORNER  OF  BASEMENT 
STRENGTHEN  JOISTS  OR  POUR  CONCRETE  CEILING 


STORE  NECESSARY  SUPPLIES  IN  SHELTER 


TWO  POSSIBLE  EXITS 


Popular  Mechanics,  January  1951 


Mechanix  Illustrated,  September  1954  | 

SPECIAL  FEATURES 


ABOUT  THE  H-BOMB 


Nagasaki  is  a  hilly  city  and  during  the  war 
it  was  dotted  with  impromptu  shelters  dug 
into  the  sides  of  hills.  Four  hundred  people 
were  crowded  into  one  of  these  shelters,  only 
100  yards  from  the  point  directly  beneath  the 
fireball.  Every  single  person  survived — even 
though  the  temperature  at  the  entrance  to 
the  shelter  was  4,000  degrees  Centigrade,  the 
blast  smashed  into  the  ground  at  1,000  miles 
per  hour  and  the  area  was  flooded  with  nu- 
clear radiation. 

The  heat  was  of  too  short  a  duration  to 
affect  the  sheltered  people  (it  did  not  burn  tel- 
ephone poles  standing  outside  the  shelter), 
the  blast  was  absorbed  and  reflected  by  the 
earth  and  the  dirt  over  the  shelter  shielded 
the  people  within  against  radiation. 

Crude  timber  shelters  covered  with  four 
feet  of  ordinary  earth  remained  intact  100 
yards  from  ground  zero  and  provided  safe 
cover  for  their  occupants. 

Telephone  poles,  trees  and  other  inflam- 
mable substances  remained  standing  and  un- 
burned  in  the  ground  zero  area  of  both  atom 
bomb  attacks.  Obviously  the  brief  duration 
of  the  heat  wave  was  insufficient  to  do  more 
than  char  the  outer  wood  surface. 


Even  such  distinguished  individuals  as  Wil- 
liam L.  Laurence,  two-time  Pulitzer  Prize 
winner,  have  joined  the  parade  of  those  ex- 
tolling the  immense  destructive  ability  of  the 
bomb,  beyond  its  factual  strength.  Mr.  Lau- 
rence, for  whom  I  have  the  highest  personal 
regard,  referred  to  the  10  megaton  bomb  and 
stated  (Look,  April  21,  1953) : 

"For  as  much  as  35  miles  in  every  direc- 
tion, irresistible  fires  would  burst  forth; 
everything  that  was  inflammable  would  roar 
into  flames  simultaneously.  Then  the  fire- 
storms would  come.  The  roaring  heat  would 
churn  the  atmosphere  into  fury,  and  great 
hurricanes  would  be  set  up  .  .  ." 

We  have  already  discussed  flash  fires.  Now 
let  us  understand  clearly  a  few  things  about 
mass  fires.  Firestorm  refers  to  a  particular 
fire  phenomena  and  results  from  a  situation 
of  particular  circumstances.  In  a  firestorm  all 
the  flames  of  a  great  mass  fire  burn  toward 
a  common  center;  it  is  the  most  intense  fire 
known  but  eventually  burns  itself  out  with- 
out undue  spread.  A  firestorm  may  be  cre- 
ated in  a  city  where  building  density  exceeds 
22-27  per  cent  over  an  area  of  at,  least  one 
to  two  square  miles,  where  there  is  no  high 
ground  wind,  where  fires  break  out  simulta- 
neously and  are  not  subdued  and  where  struc- 
tures bum  quickly  and  easily.   Only  under 


these  conditions  is  a  firestorm  possible. 

It  has  nothing  to  do  with  atomic  or  hydro- 
gen bomb  explosions  excepting  that  these  two 
weapons,  like  others,  do  start  numerous  fires. 
There  was  a  firestorm  at  Hiroshima  where 
conditions  were  right  for  the  storm  to  begin. 
There  was  no  firestorm  at  Nagasaki.  Long 
before  the  atomic  bomb  ever  entered  the 
scene  of  war,  firestorms  of  devastating  nature 
raged  in  Hamburg,  Dusseldorf ,  Essen  and 
other  German  and  Japanese  cities. 

Incendiary  bombing  proved  far  more  de- 
structive than  did  atomic  bombing  in  Japan. 
The  atom  bomb  attacks  contributed  less  than 
three  per  cent  to  the  destruction  already  vis- 
ited upon  Japan.  Sixty-six  thousand  people 
died  in  Hiroshima;  110,000  died  one  night  in 
Tokyo  and  perhaps  as  many  people  suc- 
cumbed in  Essen  one  evening  from  a  massive 
British  saturation  raid. 

As  far  as  you — Mr.  and  Mrs.  Citizen — are 
concerned,  for  your  own  peace  of  mind,  you 
should  understand  these  basic  facts  about  the 
world's  most  powerful  weapon. 

The  hydrogen  bomb,  even  more  so  than  the 
atomic  bomb,  is  a  terrible  weapon  of  devasta- 
tion. Many  factors  influence  the  use  and  the 
effective  delivery  on  target  of  such  bombs, 
all  of  which  are  decidedly  not  to  the  advantage 
of  the  attacker. 

The  bomb,  despite  its  enormous  energy 
yield,  has  basic  limitations.  It  is  not  an  all- 
consuming  weapon  which  renders  shelters 
and  civil  defense. operations  useless.  True, 
the  central  area  of  devastation  from  an  H- 
bomb  explosion  is  greater  than  that  of  the 
atomic  bomb  but  it  is  still  limited,  and  to  the 
extent  that  our  cities  cannot  be  presumed  to 
have  lost  their  place  in  .our  way  of  life. 

All  attacking  enemy  planes  will  not  get 
through.  The  better  our  aerial  and  missile 
defenses,  the  better  our  chances  are  of  re- 
ducing the  number  of  bombs  which  will  strike 
our  cities. 

Irresponsible  evaluation  of  a  weapon  suffi- 
ciently devastating  so  that  it  requires  no 
further  assistance  from  careless  reporting 
sources  can  lead  only  to  a  lack  of  confidence 
in  our  ability  to  survive  as  a  nation  of  free 
people. 

Something  should  be  done  about  it.  The 
half-measures,  indecision  and  innumerable 
speeches  which  characterize  the  Federal  Civil 
Defense  Administration  mean  only  one  thing 
in  event  of  attack — that  millions  of  people 
who  will  die  will  die  needlessly  because  their 
protection  was  not  provided  for  while  there 
yet  was  time. 

Think  about  it.  More  than  that,  do  some- 
thing about  it.  Inquire  of  your  local  officials 
why  your  town  is  inadequately  prepared. 

After  all — it's  your  life.  • 


September,  19S4 
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A.E.C.  NEVADA  TEST  SITE 
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A  report  by  the    FEDERAL  CIVIL   DEFENSE  ADMINISTRATION 


EFFECTS  OF  NUCLEAR  WEAPONS 


BY  HAROLD  L.  GOODWIN, 

Director >  Atomic  Test  Operations,  PCD  A 

The  time  of  travel  of  the  shock  wave  is  not  generally  understood  by 
many  persons.  The  concept  of  "duck  and  cover,"  which  would  still  be  of 
great  value  in  case  of  attack  without  warning,  is  based  on  the  comparatively 
large  time  interval  between  the  burst  and  arrival  of  the  shock  wave  at  a 
given  point* 
92 

BIOMEDICAL  EFFECTS  OF  THERMAL  RADIATION 

by  dr.  herman  elwyn  pearse,  Professor  of  Surgery  at  the  Uni- 
versity of  Rochester.  Consultant  to  several  Government  depart- 
ments, notably  the  Atomic  Energy  Commission's  Division  of 
Biology  and  Medicine.  Consultant  to  the  Armed  Forces  Special 
Weapons  Project 

After  the  Bikini  test,  I  was  asked  to  go  to  Japan  as  a  consultant  for  the 
National  Research  Council  to  survey  the  casualties  in  Nagasaki  and  Hiro- 
shima. 
140 

Then  we  observed  the  healing  of  the  wounds,  and  *we  found  again  that 
the  wounds  healed  in  the  same  manner,  as  those  that  we  had  produced  in 
the  laboratory.  There  was  some  difference  in  these  lesions  from  the  ordi- 
nary burns  of  civil  life,  but  I  would  predict,  from  what  I  learned  from  experi- 
ments, that  the  difference  is  on  the  good  side.  The  burns  look  worse;  they 
are  often  charred,  but  they  may  not  penetrate  as  deeply,  and  the  char 
acts  as  a  dressing,  nature's  own  dressing. 
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For  example,  if  you  have  2  layers,  an  undershirt  and  a  shirt,  you  will  get 
much  less  protection  than  if  you  have  4  layers;  and  if  you  get  up  to  6  layers, 
you  have  such  great  protection  from  thermal  effects  that  you  will  be  killed 
by  some  other  thing.  Under  6  layers  we  only  got  about  50  percent  first 
degree  burns  at  107  calories. 
143 

If  we  can  just  increase  the  protection  a  little  bit,  we  may  prevent 
thousands  and  thousands  of  burns. 

. . .  For  example,  to  produce  a  50-percent  level  of  second-degree 
burns  on  bare  skin  required  4  calories*  When  we  put  2  layers  of  cloth  in 
contact,  it  only  took  6  calories.  But  separate  that  cloth  by  5  millimeters, 
about  a  fifth  of  an  inch,  and  it  increases,  the  protective  effect  5  times.  The 
energy  required  to  produce  the  same  50-percent  probability  of  a  second- 
degree  burn  is  raised  up  to  30  calories.  So  if  you  wear  loose  clothing,  you 
are  better  off  than  if  your  wear  tight  clothing. 
144 
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THE  BURN  SURFACE  AS  A  PARASITE 


WATER  LOSS,  CALORIC  DEMANDS ,  AND  THERAPEUTIC  IMPLICATIONS 

Carl  Jelenko,  III,  M.D. 
Department  of  Surgery 
University  of  Maryland  School  of  Medicine  and  Hospital 

Baltimore,  Maryland 

Water  is  Lost  through  Burned  Skin 

If,  during  the  first  48  hours  after  injury,  no  more  fluid  is  given  to 
an  extensively  burned  patient  than  he  would  need  in  health,  the  un- 
compensated loss  of  fluid  from  his  circulation  may  cause  shock,  and  if 
sufficiently  severe,  death. 

Heat  is  Lost  Necessitating  a  High  Food  Intake 

To  make  matters  worse,  evaporation  of  moisture  from  the  wound 
surface  saps  not  only  the  body's  water  stores  but  its  energy  stores 
as  well.    When  water  evaporates  from  the  burned  surface,  cooling  re- 
sults and  the  body  loses  heat.    The  larger  the  burn  wound,  the  more 
water  loss  and  the  more  heat  or  energy  loss. 

How  Can  the  Fluid  and  Heat  Losses  Be  Diminished? 

Think  Plastic  Wrap  as  Wound  Dressing  for 
Thermal  Burns 

ACEP  (American  College  of  Emergency  Physicians)  News 

http://www.acep.org/content.aspx?id=40462 

August  2008 

By  Patrice  Wendling 

Elsevier  Global  Medical  News 

CHICAGO  -  Ordinary  household  plastic  wrap  makes  an  excellent,  biologically  safe  wound 
dressing  for  patients  with  thermal  burns  en  route  to  the  emergency  department  or  burn  unit. 

The  Burn  Treatment  Center  at  the  University  of  Iowa  Hospitals  and  Clinics,  Iowa  City,  has 
advocated  prehospital  and  first-aid  use  of  ordinary  plastic  wrap  or  cling  film  on  burn  wounds  for 
almost  two  decades  with  very  positive  results,  Edwin  Clopton,  a  paramedic  and  ED  technician, 
explained  during  a  poster  session  at  the  annual  meeting  of  the  American  Burn  Association. 

Dr.  G.  Patrick  Kealey,  newly  appointed  ABA  president  and  director  of  emergency  general 
surgery  at  the  University  of  Iowa  Hospital  and  Clinics,  said  in  an  interview  that  plastic  wrap 
reduces  pain,  wound  contamination,  and  fluid  losses.  Furthermore,  it's  inexpensive,  widely 
available,  nontoxic,  and  transparent,  which  allows  for  wound  monitoring  without  dressing 
removal. 


AD689495  MASS  BURNS 

National  Academy  of  Sciences 
Washington,  D.C. 
1969 

Dr.  Edward  L.  Alpen  (U.  S.  Naval  Radiological  Defense  Laboratory): 
About  this  question  of  the  spectral  dependence  of  radiant  energy,  I 
think  Dr.  Haynes  may  have  given  you  the  impression  that  white  light 
does  the  trick.    There  is  later  work  which  tends  to  refute  that.  The 
work  done  at  Virginia  used  cut-off  filters.     The  effectiveness  of  all 
energy  above  a  certain  wave  length  or  below  a  certain  wave  length  was 
measured.    At  the  upper  end  the  most  effective  and  the  least  effective 
were  mixed  together  and  made  it  appear  that  infrared  was  not  too  good 
in  producing  burns.     When  you  subdivide  the  spectrum,  the  most  effective 
energy  in  producing  a  flash  burn  is  the  infrared  above  about  1.2  microns. 

The  importance  of  this,  and  the  only  reason  I  make  an  issue  of 
it,  is  that  a  very  important  source  of  flash  burn,  both  in  civilian 
life  and  under  wartime  disaster  conditions,  is  radiant  energy  burns 
from  flaming  sources.    We  have  done  a  great  deal  of  research  on  this 
subject  for  the  U.  S.  Forest  Service,  because  radiant  energy  burns  are 
important  in  forest  fires. 

Energy  in  the  wave  lengths  of  0.6  to  0.8  micron  is  about  one- 
eighth  as  destructive  as  the  rest  of  the  spectrum.     But  long  wave 
length  radiation  above  one  micron  is  extremely  destructive,  and  the 
most  effective  of  all. 

49 

Dr.  Alpen:  Anything  that  shields  out 

radiation  above  one  micron  is  extremely  effective  in  preventing  burns 
to  the  skin. 
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EFFECTS  OF  SPECTRAL  DISTRIBUTION  OF  RADIANT  ENERGY 
ON  CUTANEOUS  BURN  PRODUCTION  IN  MAN  AND  THE  RAT 

Research  and  Development  Technical  Report  USNRDL-TR-46 

25  April  1955 

by 

E.L.  Alpen 
CP.  Butler 
S.B.  Martin 
A.K.  Davis 

U.S.  NAVAL  RADIOLOGICAL  DEFENSE  LABORATORY 
San  Francisco  24,  California 

For  human  skin  the  reflectivities  and  critical  energies  for 
production  of  a  standard  burn  are  the  following: 


filter 

"A", 

X  = 
max 

0.42/.., 

r 

=  24.4  +  3.5  per  cent, 

Q 

=  3.20  ±  0.37  cal/cm2; 

filter 

»B", 

^max  ~ 

0.55/;, 

r 

~  40.9  +  3.8  per  cent, 

Q 

=  3.25  ±  0.28  cal/cm2; 

filter 

"C", 

Xmax  = 

0.65/x, 

r 

=  56.9  +  2.5  per  cent, 

Q 

=  9.9  ±  2.1  cal/cm2; 

filter 

"D", 

Nnax  = 

0.85^, 

r 

=  53.4  +  2.2  per  cent, 

Q 

=  14.0  +  1.1  cal/cm2; 

filter 

"F"( 

Xmax  = 

1.7  H, 

r 

=  17  +  0.60  per  cent, 

Q  = 

=  2.50  cal/cm2 (approx.). 

The  ranges  shown  are  standard  deviations. 


The  significance  of  the  optical  properties  of  skin  has    been  discussed  and 
the  property  of  the  high  transmission  of  skin  in  the  region  0.7  to  1.0  has  been 
presented. 
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1  MT  at  50  km  Altitude 
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General  Electric  Company-TEMPO 
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16.7    THERMAL  AND  NUCLEAR  RADIATION  EFFECTS  ON  SURFACE  SHIP  PERSONNEL 

18.7.1    Casualty  and  Risk  Criteria 

Table  18-2 

CDC  NUCLEAR  AND  THERMAL  RADIATION  CRITERIA 


New  Thermal  Radiation  Criteria 
Risk  Criteria  for  Burna  Under  Summer  Uniforms  to  Warned.  Exposed  Personnel 
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Personnel  Risk  and  Casualty  Criteria  for  Nuclear  Weapons  Effects 
ACN  4260,  U.  S.  Army  Coitfcat  Developments  Command  Institute  of  Nuclear 
Studies.  August  1971 


When  water  evaporates  from  the  burned  surface,  cooling  re- 
sults and  the  body  loses  heat.    The  larger  the  burn  wound,  the  more 
water  loss  and  the  more  heat  or  energy  loss. 

How  Can  the  Fluid  and  Heat  Losses  Be  Diminished? 

Think  Plastic  Wrap  as  Wound  Dressing  for 
Thermal  Burns 

ACEP  (American  College  of  Emergency  Physicians)  News 

http://www.acep.org/content.aspx?id=40462 

August  2008 

By  Patrice  Wendling 

Elsevier  Global  Medical  News 

CHICAGO  -  Ordinary  household  plastic  wrap  makes  an  excellent,  biologically  safe  wound 
dressing  for  patients  with  thermal  burns  en  route  to  the  emergency  department  or  burn  unit. 

The  Burn  Treatment  Center  at  the  University  of  Iowa  Hospitals  and  Clinics,  Iowa  City,  has 
advocated  prehospital  and  first-aid  use  of  ordinary  plastic  wrap  or  cling  film  on  burn  wounds  for 
almost  two  decades  with  very  positive  results,  Edwin  Clopton,  a  paramedic  and  ED  technician, 
explained  during  a  poster  session  at  the  annual  meeting  of  the  American  Burn  Association. 

"Virtually  every  ambulance  in  Iowa  has  a  roll  of  plastic  wrap  in  the  back,"  Mr.  Clopton  said  in 
an  interview.  "We  just  wanted  to  get  the  word  out  about  the  success  we've  had  using  plastic  wrap 
for  burn  wounds,"  he  said. 

Dr.  G.  Patrick  Kealey,  newly  appointed  ABA  president  and  director  of  emergency  general 
surgery  at  the  University  of  Iowa  Hospital  and  Clinics,  said  in  an  interview  that  plastic  wrap 
reduces  pain,  wound  contamination,  and  fluid  losses.  Furthermore,  it's  inexpensive,  widely 
available,  nontoxic,  and  transparent,  which  allows  for  wound  monitoring  without  dressing 
removal. 

"I  can't  recall  a  single  incident  of  its  causing  trouble  for  the  patients,"  Dr.  Kealey  said.  "We 
started  using  it  as  an  answer  to  the  problem  of  how  to  create  a  field  dressing  that  met  those 
criteria.  I  suppose  that  the  use  of  plastic  wrap  has  spread  from  here  out  to  the  rest  of  our  referral 
base." 

Although  protocols  vary  between  different  localities,  plastic  wrap  is  typically  used  for  partial- 
and  full-thickness  thermal  burns,  but  not  superficial  or  chemical  burns.  It  is  applied  in  a  single 
layer  directly  to  the  wound  surface  without  ointment  or  dressing  under  the  plastic  and  then 
secured  loosely  with  roller  gauze,  as  needed. 

Because  plastic  wrap  is  extruded  at  temperatures  in  excess  of  150°  C,  it  is  sterile  as 
manufactured  and  handled  in  such  a  way  that  there  is  minimal  opportunity  for  contamination 
before  it  is  unrolled  for  use,  said  Mr.  Clopton  of  the  emergency  care  unit  at  Mercy  Hospital, 
Iowa  City.  However,  it's  best  to  unwind  and  discard  the  outermost  layer  of  plastic  from  the  roll 
to  expose  a  clean  surface. 
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The  documents  which  should  be  given  wide  distribution  for  civil 
defense  use  are  listed  below,  with  a  brief  description: 

a.     USSBS  Reports 

Effects  of  the  Atomic  Bomb  on  Hiroshima,  Japan 
(3  volumes)* 

Effects  of  the  Atomic  Bomb  on  Nagasaki,  Japan 
(3  volumes)* 

These  reports  constitute  two  case  studies  of  atomic  bombing* 
Civil  defense  planners  should  be  aware  of  the  facts  these 
documents  record  in  great  detail*    Their  distribution  to  all 
civil  defense  planners  and  analysts  is  highly  desirable* 

 =9=  

Effects  on  Labor  in  Clydebank  of  Clydeslde  Raids  of  March  1941. 
(REN  23l>)  USSBS  Target  Int.  (REN  236)  Ministry  of  Home  Security 

A  study  of  the  effects  on  labor  of  bombing  in  a  town  of  50,000  people 
in  which  76%  of  houses  were  rendered  uninhabitable,  73%  of  the  popula- 
tion homeless*    An  equivalent  of  65  city  days  was  utilized  in  the 
reconstruction. 


Ministry  of  Home  Security 

Effects  of  German  Air  Force  Raids  on  Coventry  (REN  IMl) 

The  city,  the  attack,  casualties,  repairs  and  reconstruction  (cost), 
absenteeism,  population  movements,  and  housing  occupancy.    Six  pages 
and  charts  and  graphs*    Twenty  percent  of  houses  rendered  uninhabi- 
table or  destroyed,  a  total  reconstruction  cost  of  h  3,492,000. 
Average  time  lost  by  worker  after  November  raid  was  eleven  days; 
average  after  April  raid  was  7  days*    Nine  percent  of  the  workers 
evacuated  to  points  within  roach  of  the  city* 
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G.  CAUSE  AND  EXTENT  OF  FIRE 

1.  Conditions  Prior  to  Attack 

The  city  of  Hiroshima  was  an  excellent  target 
for  the  atomic  bomb  from  a  fire  standpoint :  There 
had  been  no  rain  for  three  week*;  the  city  was 
highly  combustible,  consisting  principally  of  Japa- 
nese domestic-type  structures;  it  was  constructed 
over  flat  terrain;  and  13  square  miles  (including 
streets)  of  the  26.5-squarc-milc  city  was  more 
than  5  percent  built  up  (i.  e.9  covered  by  plan 
areas  of  buildings).  The  remainder  of  the  city 
comprised  water  areas,  parks  and  areas  built  up 
below  6  percent.  Sixty-eight  percent  of  the  13- 
square-mile  area  was  27  to  42  percent  built  up 
and  the  4-equare-mile  city  center  was  particularly 
dense,  93.6  percent  of  it  being  27  to  42  percent 
built  up. 


a.  Evidence  relative  to  ignition  of  combustible 
structures  and  materials  by  heat  directly  radiated 
by  the  atomic  bomb  and  by  other  ignition  sources 
developed  the  following:  (1)  The  primary  fire  haz- 
ard was  present  in  combustible  materials  and  in 
fire-resistive  buildings  with  unshielded  wall  open- 
ings; (2)  six  persons  who  had  been  in  reinforced  - 
concrete  buildings  within  3,200  feet  of  air  zero 
stated  that  black  cotton  black-out  curtains  were 
ignited  by  radiant  heat;  (3)  a  few  persons  stated 
that  thin  rice  paper,  cedarbark  roofs,  thatched 
roofs,  and  tops  of  wooden  poles  were  afire  immedi- 
ately after  the  explosion;  (4)  dark  clothing  was 
scorched,  and,  in  some  cases,  reported  to  have 
burst  into  flame  from  flash  heat;  (5)  but  a  large 
proportion  of  over  1 ,000  persons  questioned  was  in 
agreement  that  a  great  majority  of  the  original 
fires  was  started  by  debris  falling  on  kitchen  char- 
coal fires,  by  industrial  process  fires,  or  by  electric 
short  circuits. 

6.  Hundreds  of  fires  were  reported  to  have 
started  in  the  center  of  the  city  within  ten  minutes 
after  the  explosion.  Of  the  total  number  of 
buildings  investigated  107  caught  fire,  and,  in  69 
instances,  Use  probable  cause  of  initial  ignition  of 
the  buildings  or  their  contents  was  established  as 
follows:  (1)  8  by  direct  radiated  heat  from  the 
bomb  (primary  fire),  (2)  8  by  secondary  sources 
and  (3)  53  by  fire  spread  from  exposing  buildings. 

14 

3.  Conditions  on  Morning  of  Attack 

a.  The  morning  of  6  August  1945  was  clear  with 
a  small  amount  of  clouds  at  high  altitude.  Wind 
was  from  the  south  with  a  velocity  of  about  i% 
miles  per  hour.  Visibility  was  10  to  15  miles. 

(1)  Only  a  few  persons  remained  in  the  air-raid 
shelters  after  the  "all-clear"  sounded. 
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4.  The  city,  consisting  principally  of  Japanese  do- 
mestic structures,  was  highly  combustible  and 
densely  built  up.  Sixty-eight  percent  of  the  13- 
squaro-mile  city  area  was  27  to  42  percent  built  up 
and  the  4-equare-mile  city  center  was  particularly 
dense,  M  percent  of  it  being  27  to  42  percent  built 
up.  All  the  large  industrial  plants  were  located  on 
the  south  and  southeast  edges  of  the  city. 

8.  Evidence  relative  to  ignition  of  combustible 
structures  and  materials  by  directly  radiated  heat 
from  the  atomic  bomb  and  other  ignition  sources 
was  obtained  by  interrogation  and  visual  inspec- 
tion of  the  entire  city.  Six  persons  who  had  been 
in  reinforced-concrete  buildings  within  3,200  feet 
of  air  zero  stated  that  black  cotton  black-out 
curtains  were  ignited  by  flash  heat.  A  few  persons 
stated  that  thin  rice  paper,  cedarbark  roofs, 
thatched  roofs,  and  tops  of  wooden  poles  were 
afire  immediately  after  the  explosion.  Dark 
clothing  was  scorched  and,  in  some  cases,  was 
reported  to  have  burst  into  flame  from  flash  heat. 
A  large  proportion  of  over  1,000  persons  ques- 
tioned was,  however,  in  agreement  that  a  great 
majority  of  the  original  fires  were  started  by  debris 
falling  on  kitchen  charcoal  fires.  Other  sources  of 
secondary  fire  were  industrial-process  fires  and 
electric  short  circuits. 

9.  There  had  been  practically  no  rain  in  the  city 
for  about  3  weeks.  The  velocity  of  the  wind  on 
the  morning  of  the  atomic-bomb  attack  was  not 
more  than  5  miles  per  hour. 

10.  Hundreds  of  fires  were  reported  to  have 
started  in  the  center  of  the  city  within  10  minutes 
after  the  explosion. 
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PHOTO  36  IX.    J*hiiw*  partly  Immnt  cuftt  irf  lwjr  *ta 
wan  in  open  near  City  Hall  iBuUitiitft  2S>  3.H00  feet 
fiom  AZ. 


(8)  Scores  of  persons  throughout  all  sections  of 
the  city  were  questioned  concerning  the  ignition 
of  clothing  by  the  flash  from  the  bomb.  Replies 
were  consistent  that  white  silk  seldom  was  af- 
fected, although  black,  and  some  other  colored 
silk,  charred  and  disintegrated.  Numerous  in- 
stances were  reported  in  which  designs  in  black  or 
other  dark  colors  on  a  white  silk  kimono  were 
charred  so  that  they  fell  out,  but  the  white  part 
was  not  affected.  These  statements  were  con- 
firmed by  United  States  medical  officers  who  had 
been  able  to  examine  a  number  of  kimonos  avail- 
able in  a  hospital.  Ten  school  boys  were  located 
during  the  study  who  had  been  in  school  yards 
about  6,200  feet  east  and  7,000  feet  west,  re- 
spectively, from  AZ.  These  boys  had  flash  burns 
on  the  portions  of  their  faces  which  had  been 
directly  exposed  to  rays  of  the  bomb.  The  boys' 
stories  were  consistent  to  the  effect  that  their 
clothing,  apparently  of  cotton  materials, 
"smoked,"  but  did  not  burst  into  flame.  Photo 
30  shows  a  boy's  coat  that  started  to  smolder  from 
heat  rays  at  3,800  feet  from  AZ. 

0  from  GZ)  24 


Fatsia  japonica  shadow  on  electric  pole,  Meiji  Bridge 


SOURCE:  USSBS's  report,  The  Effects  of  the  Atomic  Bomb  on  Hiroshima,  Japan/'  vol.  2 

Only  8  of  64  non-wood  buildings  had  thermal  flash  ignition  evidence,  3 
had  blast  damage  induced  fire,  and  28  were  ignited  by  firespread  from  wood  homes. 
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D.  THE  CONFLAGRATION 

1.  Start  of  Fire 

b.  Direct  Ignition  by  the  Atomic  Bomb.  (1)  Six 
persons  were  found  who  had  been  in  rein  forced- 
concrete  buildings  within  3,200  feet  of  AZ  at  the 
time  of  the  explosion  and  who  stated  that  black 
cotton  black-out  curtains  were  blazing  a  few  sec- 
onds later.  In  two  cases  it  was  stated  that  thin 
rice  paper  on  desks  close  to  open  windows  facing 
AZ  also  burst  into  flame  immediately,  although 
heavier  paper  did  not  ignite.  No  incidents  were 
recounted  to  the  effect  that  furniture  or  similar 
objects  within  buildings  were  ignited  directly  by 
radiated  heat  from  the  bomb. 
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(4)  It  was  reported  that  a  cotton  black-out 
curtain  at  an  unprotected  window  in  the  east  stair 
tower  of  Building  85  (3,800  feet  from  AZ)  smoked 
and  was  scorched  by  radiated  heat  from  the  bomb 
but  it  did  not  burst  into  flames. 


(5)  A  man  who  was  in  the  third  story  of  building 
26  (3,000  feet  from  AZ)  stated  that  radiated  heat 
from  the  bomb  ignited  cotton  black-out  curtains  at 
unprotected  windows  in  the  west  wall  and  thin 
rice  paper  on  desks, 
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(10)  Fire  fighting  with  water  buckets  was  re- 
ported inside  only  four  buildings  (24,33, 59,  and  122) 
and  probably  prevented  extensive  fire  damage  in 
them.  In  Building  24,  fire  was  started  in  contents 
of  a  room  at  the  southwest  corner  of  the  second 
story  by  sparks  from  trees  on  the  south  side  about 
1  %  hours  after  the  attack.  Men  inside  the  building 
extinguished  the  fire  and  probably  prevented 
further  damage  in  the  first  and  second  stories 
(Photo  85).  A  little  later,  contents  in  the  third 
story  were  ignited  by  sparks  from  the  outside  and 
were  totally  damaged.  This  fire  was  beyond 
control  before  it  was  discovered,  but  did  not 
spread  downward  through  open  stairs.  At  Build- 
ing 33,  sparks  from  the  west  exposure,  which 
burned  in  early  evening,  set  fire  to  black-out 
curtains  in  the  west  wall  and  to  waste  paper  in 
the  fourth  story  of  the  northwest  section  of  the 
building.  Twenty  persons  were  on  guard  in  the 
building  awaiting  such  an  occurrence  and  the 
fires  were  quickly  extinguished  while  in  the 
incipient  stage.  At  Building  59  sparks  from  the 
south  exposure  ignited  a  few  pieces  of  furniture  in 
the  first  and  third  stories  and  black-out  curtains 
in  the  first  story  about  2  hours  after  the  attack. 
These  fires  were  extinguished  by  men  inside  and 
negligible  damage  resulted.  A  few  window  frames 
in  the  east  and  west  walls  and  2  or  3  desks  in  the 
first  story  of  Building  122  were  ignited  by  radiated 
heat  and  sparks  from  the  west  and  northeast 
exposures.  These  fires  were  extinguished  quickly 
and  damage  was  negligible. 
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A.  SUMMARY 


4.  The  mean  areas  of  effectiveness  (MAE)  of  the 
atomic  bomb  for  structural  damage  about  ground 
zero  (GZ)  and  the  radii  of  the  MAE's  for  the 
several  classes  of  buildings  present  were  computed 
to  be  as  follows: 


MAE's 

Radii  of 

in  square 
miles 

MAE's 
in  feet 

Multistory,  earthquake-resistant  

0.03 

500 

Multistory,  steel-   and  reinforced- 

concrete   frame    (including  both 

earthquake-  and  non-earthquake- 

resistant  construction)  

.05 

700 

1-story,  light,  steel-frame  

3.4 

5,500 

Multistory,  load-bearing,  brick-wall.. 

a  6 

5,700 

1-story,  load-bearing,  brick-wall  

6.0 

7,300 

Wood-frame  industrial-commercial 

(dimension-timber  construction)  

8.  5 

8,700 

Wood-frame     domestic  buildings 

9.5 

9,200 

Residential  construction  

6.0 

7,300 
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PHYSICAL  DAMAGE  DIVISION 

Field  Team  No,  1,  Hiroshima,  Japan 
BUILDING  ANALY8I3 


Sheet  No*  1 

Building  No.:  24.   Coordinates:  5H.   Distance  from 

(GZ):  1,300,  (AZ):  2,400. 
NAME:  Bank  of  Japan,  Hiroshima  branch. 
CONSTRUCTION  AND  DESIGN 
Type:  Reinforoed-cooerete  frame  (steel  core). 
Number  of  Stories:  8  and  basement.   JTG  class;  El. 
Roof:  Reinforced-concrete  beam  and  slab. 
Partitions:  Reinforced  concrete  and  wood  lath. 
Walls:  Reinforced  concrete  (13-inob)  and  stone  (6-inch). 
Floors:  Reinforced  concrete. 
Framing:  Reinforced  concrete. 

Window  and  door  frames:  Metal  (exterior)  wood  (in- 
terior).   Ceilings:  Plaster  on  concrete. 

Condition,  workmanship,  and  materials:  Excellent. 
Compare  with  usual  United  States  buildings:  Much 
stronger — steel  core  construction. 
OCCUPANCY:  Bank. 

CONTENTS:  Bank  and  office  equipment  furnishings. 
DAMAGE  to  building:  Only  minor  damage— top  story 

burned  out,  partitions,  sash,  trim  blown  out  in  two 

lower  stories. 
Cause*  Fife. 

To  Contents:  Destroyed  in  third  story— moderate  debris 
and  blast  damage  in  first  and  second  stories,  none  in 
basement. 
Cause:  Fire  and  debris  (about  equally). 

TOTAL  FLOOR  AREA  (square  feet) :  32,800.  Structural 
damage:  — .   Superficial  damage: 

FRACTION  OF  DAMAGE:  Building  structural:  — . 
Superficial:  — .    Contents:  30  percent. 

REMARKS:  Glass  removed  from  skylight  (20  by  20 
feet)  and  light  steel-frame  structure  and  roof  covered 
with  12  to  18  inches  of  sand  and  cinders. 

Note.— Building  damage  based  on  total  floor  area. 
Contents  damage  is  fraction  of  contents  seriously  damaged. 


Sheet  No.  2 

(Fire  Supplement  to  Sheet  No.  1) 

Building  No.:  24.    Fire  classification:  R. 
WALL  OPENINGS:  Shutters:  Steel  rollers. 
8hut:  Part 

Effect  of  blast:  Blown  in. 

FLOOR  OPENING8: 

Enclorcd      Fire  doors    Automatic   Effect  of  blast 
Stairs:  Part    Steel  rollers  No  None— doors  open. 

Elevators:       Yes     Metal  and  W.  O.     No  Bent. 

EXP08URE: 

Firebreak  Fire 
Location  Distance  Clearance  Class  Burned  Remarks 

N         25'         No        C       Yes     M-foot  concrete  wall  be- 
tween. 

E  25*         No         K       Yes     Building  25  (14-foot  wall 

between). 

S  —  No        —        —      No  eiposure. 

W         I2V         Yes        C  Yes 

PROBABLE  CAUSE  OF  FIRE:  Fire  spread  from  ex- 
posures. 

VERTICAL  FIRE  SPREAD:  No. 

EXTENT  OF  FIRE:  Total  floor  area:  32,800  square 
feet.  Floor  area  burned:  5f200  square  fee*;  16  percent 
(after  blast  damage). 

REMARKS:  Fire  only  in  room  at  southwest  corner  of 
second  story  and  in  entire  third  story.  No  fire  in 
building  right  after  bomb,  but  afire  at  1000  hours. 
Fire  in  room  in  second  story  extinguished  with  water 
buckets. 
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8mr  No.  1 


Building  No.:  69.   Coordinates:  51.   Distance  from  (GZ): 

4400,  (AZ):  4,500. 
NAME:  Gelbl  Bank  Co.,  Hiroshima  Branch  (in  use  at 

time  of  bomb  ss  the  Higsshi  Police  Stat  ion) . 
CONSTRUCTION  AND  DESIGN 
Type:  Reinforced-concrete  frame. 
Number  of  stories:  See  sketch.  JTG  class:  El. 
Roof:  Reinforced-concrete  beam  and  slab. 
Partitions:  7-ineh  reinforced  concrete. 
Walls:  8-inch  reinforced  concrete  monolithic— medium 

window. 

Floors:  Reinforoed-conerete  beam  and  slab— parquet  and 
tile. 

Framing:  Reinforoed-conerete  beam  and  slab. 
Window  and  door  frames:  Steel.    Ceilings:  Sheet  metal  on 
wood  framing. 

Condition,  workmanship  and  materials:  Good. 
Compare  with  usual  United  States  buildings:  Appreci- 
ably stronger  than  United  States  design. 
OCCUPANCY:  Police  station  (office). 
CONTENTS:  Office  equipment. 

DAMAGE  to  building:  Minor  damage  only— sash  blown 
out  and  hung  ceilings  partially  stripped. 


To  contents:  Blight  dsmage  to  contents  from  blast  and 
debris. 
Cause:  Blast. 

TOTAL  FLOOR  AREA  'square  feet):  16,200*  Structural 

damage:  — .   Superficial  damage: 
FRACTION  OF  DAMAGE:  Building.  Structural: 

Superficial:  Contents:  10  percent. 
REMARKS: 

Note. — Building  damage  based  on  total  floor  area. 
Contents  damage  is  fraction  of  contents  seriously  damaged. 


Sheet  No.  2 

(Fire  Supplement  to  Sheet  No.  1) 

Building  No.:  59.   Fire  classification:  R. 

WALL  OPENINGS:  Shutters:  Steel  rollers  in  east  wall 

and  third  story  of  south  and  west  walls  (wired  glass  in 

all  windows). 

Effect  of  blast:  Blown  in  at  west  wall,  bent  at  south 
wall. 

FLOOR  OPENINGS: 

Auto 

Enclosed      Fire  doors        matte      Effect  or  blast 
Stain:  Yes  Metal  No       Kent  slightly. 

Elevators: 

EXPOSURE: 

Firebreak  Fire 
Location  Distance  Clearance  Class  Burned  Kemnrks 


All  exjxwures  hurried. 


PROBABLE  CAUSE  OF  FIRE:  Fire  spread  from  ex- 
posures. 

VERTICAL  FIRE  SPREAD:  No. 

EXTENT  OF  FIRE:  Total  Hour  area:  10,200  square 
feet.  Floor  area  burned:  0  square  feet ;  0  |x»rr<»nt  (after 
blast  damage). 

REMARKS:  Sparks  from  south  exj>osure  ignited  few- 
pieces  of  furniture  in  first  atid  third  stone*  and  cotton 
blackout  curtains  in  first  story  about  1030  hours.  Fires 
weic  extinguished  with  water  buckets  by  people  inside. 
Negligible  (ire  damage  resulted.  Some  of  exposing 
buildings  had  just  been  removed  prior  to  the  bomb. 
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U.  S.  STRATEGIC  BOMBING  SURVEY 

PHYSICAL  DAM  AOS  DIVISION 


Field  Team  No.  1,  Hiroshima,  Japan 


Building  No.:  5-    Coordinates:  5H. 

100,  (AZ):  2,000. 
NAME:  Shima  Surgical  Hospital. 
CONSTRUCTION  AND  DESIGN 
Type:  Bearing  wall. 


Distance  from  (GZ); 


Number  of  stories:  1.    JTG  class:  A  2-3. 
Roof:  Tile  over  wood  on  wood  truss. 
Partitions:  Plaster  on  wood  lath  and  studs. 
Walls:  Brick-bearing,  18  inches. 


Building  No.:  6.    Coordinates:  5H.    Distance  from  (G! 

600,  (AZ):  2,100. 
NAME:  Chiyoda  Life  Insurance  Co.,  Chugoku  branch. 
CONSTRUCTION  AND  DESIGN 
Type:  Reinforced -concrete  frame. 


Number  of  stories:  Three  and  basement.   JTG  class:  El. 

Roof:  Reinforeed-concrete  beam  and  slab- tile  covered. 

Partitions:  Reinforeed-concrete,  major — metal  lath  and 
plaster,  minor. 

Walk:  Reinforeed-concrete  panels,  10  inches.  Rein- 
forced-concrete  granite  facing. 


Building  No.:  10  Coordinates:  5H.    Distance  from  (GZ): 

600,  (AZ):  2,100. 
NAME:  Nippon  life  Insurance  Co.,  Hiroshima  branch, 
CONSTRUCTION  AND  DESIGN 
Type:  Load-bearing  brick  wall. 
Number  of  stories:  See  drawing.   JTG  class:  F2. 
Roof:  Refnforeed-concrete  slab  0  inch  (Ji-incb  bars  6-inch 

oe  by  12  inch  oe). 


Building  No.:    18.    Coordinates:   5H.    Distance  from 

(GZ):  1,000,  (AZ):  2,200. 
NAME:  Gelbi  Bank  Co.,  Hiroshima  Branch. 
CONSTRUCTION  AND  DESIGN 
Type:  Reinforoed-concrete  frame. 
Number  of  stories:  5  and  %  basement.    JTG  class:  El. 
Roof:  Reinforoed-concrete  slab  (metal  pan). 
Partitions:  Reinforced-concrele  (5-lnch).    Wood  lath  and 

plaster  in  rear  addition. 
Walls:  Reinforced  concrete  (10-inch). 


Building  No.:  23.    Coordinates:  5H.    Distance  from 

(GZ):  1,200;  (AZ);  2,300. 
NAME:  Fukoku  Building. 
CONSTRUCTION  AND  DESIGN 
Type:  Steel  core  reinforced-concrete  frame. 
Number  of  stories:  7  and  basement.   JTG  class:  El. 
Roof:  Reinforced-concrete  beam  and  slab  (steel  core). 
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Building  No.:  98.    Coordinates:  5H.    Distance  from 

(GZ):  2,300,  (AZ):3t000. 
NAME:  Chugoku  Electric  Co. 
CONSTRUCTION  AND  DESIGN 
Type:  Reinforced-concrete  frame. 

Number  of  stories:  ft  and  basement  and  penthouse  JTG 

class:  El. 
Walls:  Reinforced  concrete  (12-inch). 

REMARKS:  Fire  throughout  building  except  in  60  per- 
cent of  basement  (no  fire  in  basement  of  west  section 
and  about  25  percent  of  east  section).  Man  who  was  in 
third  story  stated  that  he  saw  cotton  blackout  curtains 
in  west  wall  and  thin  paper  on  desks  catch  fire  from 
flash  of  bomb.  Fire  was  reported  to  have  been  in  all 
stories  5  minutes  after  bomb. 
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Building  No.:  40.   Coordinates:   5H.    Distance  from 

(GZ):2,M0l  (AZ):  8,200. 
NAME:  Fukuya  Department  Store. 
CONSTRUCTION  AND  DESIGN: 
Type:  Reinforoed-ooncrete  frame. 
Walls:  8-inch  reinforced  concrete— large  windows. 

REMARK8:  Three  persons  who  were  questioned  indi- 
vidually stated  that  thb  building  was  afire  immediately 
or  within  20  minutes  after  the  bomb.  One  man  who  was 
in  the  building  at  the  time  stated  that  cotton  blackout 
curtains  in  the  west  wall  were  smouldering  immediately 
after  the  bomb.  The  entire  building  was  afire  at  1000 
hours. 


U.S.  STRATEGIC  BOMBING  SURVEY 


Building  No.:  24.   Coordinates:  5H.   Distance  from 

(GZ):  1,300.  (AZ):  2,400. 
NAME:  Bank  of  Japan,  Hiroshima  branch. 
CONSTRUCTION  AND  DESIGN 
Type:  Reinforoed-eoncrete  frame  (steel  core). 
Walls:  Reinforced  concrete  (12-inch)  and  stone  (6-inch). 
Floors:  Reinforced  concrete. 
Framing:  Reinforced  concrete. 

REMARKS:  Fire  only  in  room  at  southwest  corner  of 
second  story  and  in  entire  third  story.  No  fire  in 
building  right  after  bomb,  but  afire  at  1000  hours. 
Fire  in  room  in  second  story  extinguished  with  water 
buckets. 


Building  No.:  33.   Coordinates:  OH.   Distance  from 

(GZ):  5,300,  (AZ):  5,600. 
NAME:  Hiroshima  Postal  Savings  Bureau. 
CONSTRUCTION  AND  DESIGN 
Type:  Relnforced-concrete  frame. 
Number  of  stories:  4  and  basement.   JTG  class:  El. 
Roof:  Reinforced  concrete,  Ule  finish. 
Partitions:  Reinforced  concrete. 
Walls:  Reinforced  concrete,  tile  finish. 

REMARKS:  Sparks  from  west  exposure  ignited  cotton 
black-out  curtains  in  west  wall  at  2000  hours  and  waste 
imper  in  fourth  story  of  northwest  .section  at  2100  hours. 
Fires  were  extinguished  with  water  buckets  by  20  fire 
guards  who  were  stationed  inside.  Fire  damage  to 
content**  was  negligible.  Paper  records  stored  in  wood 
and  steel  racks  in  northeast  section  of  building  were 
exposed  to  direct  radiated  heat  from  bomb  but  did  not 
catch  fire. 


Building  No.:   86.    Coordinates:   5G.    Distance  from 

fGZ):  2,000,  (AZ):  2,800. 
NAME:  K6kA  Private  Grammar  School. 
CONSTRUCTION  AND  DESIGN 
Type:  Reinforced  concrete. 
Number  of  stories:  Three.   JTG  class:  EL 
Roof:  Reinforced -concrete  slab. 
Partitions:  9-inch  brick  and  0-inch  reinforced  concrete. 
Walls:  Reinforced  concrete  (8-10  inches). 


Building  No.:  59.   Coordinates:  51.   Distance  from  (GZ): 

4,100,  (AZ):  4,600. 
NAME:  Gelbl  Bank  Co.,  Hiroshima  Branch  (in  use  at 

time  of  bomb  as  the  Higashi  Police  Station) . 
CONSTRUCTION  AND  DESIGN 
Type:  Reinforced-concrete  frame. 

Walls:  8- inch  reinforced  concrete  monolithic— medium 
window. 

EXTENT  OF  FIRE:  Total  floor  area:  10.200  square 
feet.  Floor  area  burned:  0  square  feet ;  0  |x»rrent  (after 
blast  damage). 

REMARKS:  Sparks  from  south  exj>osure  ignited  few 
pieces  of  furniture  in  first  and  third  stories  and  cotton 
blackout  curtains  in  first  story  al>out  1030  hours.  Fire* 
wen?  extinguished  with  water  buckets  by  people  inside. 
Negligible  fire  damage  resulted.  Some  of  exposing 
buildings  had  just  been  removed  prior  to  the  bomb. 


Building  No.:  49.  Coordinates:  51.  Distance  from 
(GZ):  3,000,  (AZ):  3.600. 

Name:  ChQgoku  Newspaper. 

CONSTRUCTION  AND  DESIGN 

Type;  Reinforced-concrete  frame. 

Number  of  Stories:  7  and  penthouse.   JTO  claw:  El. 

Roof:  Reinforocd-concrete  beam  and  slab. 

Partitions:  Relnforoed  concrete— lath  and  plaster. 

Walk:  7-inch  relnforoed  concrete — large  windows. 

REMARKS:  Man  who  was  in  building  at  time  of  bomb 
stated  fire  broke  out  in  third  and  fourth  stories  immedi- 
ately after  bomb  flash.  Head  bookkeeper  in  bank  in 
Building  51  stated  that  there  was  fire  in  third  story  of 
Building  49,  10  minutes  after  bomb  flash. 


Building   No.:   90.    Coordinates:   Go.    Distance  from 

(GZ):  400  (AZ):  2,000. 
NAME:  Taiaho  Clothing  Store. 
Walls:  Reinforced  concrete  (10-inch) 


Building  No.:  24.    Coordinates:  5H.    Distance  from 

(GZ):  1,300,  (AZ):  2,400. 
NAME:  Bank  of  Japan,  Hiroshima  branch. 
CONSTRUCTION  AND  DESIGN 
Type:  Rcinforced-concrete  frame  (steel  core). 
Walls:  Reinforced  concrete  (12-inch)  and  stone  (6-inch). 
Floors:  Reinforced  concrete. 
Framing:  Reinforced  concrete. 

REMARKS:  Fire  only  in  room  at  southwest  corner  of  GRO 
second  story  and  in  entire  third  story.    No  fire  in  „p 
building  right  after  bomb,  but  afire  at  1000  hours. 
Fire  in  room  in  second  story  extinguished  with  water 
buckets. 


BANK  OF  JAPAN  BUILDING  AFTER  ATTACK  ON  HIROSHIMA 


GEIBl  BANK  CO.  BUILDING  AFTER  ATTACK  ON  HIROSHIMA 

Bank  of  Japan:  USSBS  Building  24,  1300  ft  from  GZ 
Geibi  Bank  Co:  USSBS  Building  59,  4100  ft  from  GZ 
(Table  5  of  USSBS  report  92  Hiroshima,  v2.) 


In  both,  survivors  extinguished  fire  with  water  buckets. 
(Ref:  Panel  26  of  the  "DCPA  Attack  Environment  Manual",  Chapter  3.) 


Hiroshima 
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Commercial  Museum  (300  meters)  before  and  after 
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Radiation  Countermeasures  Symposium 
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John  L.  Grain,  et  al.,  Supplemental  Analysis  -  Civil  Defense 
Rescue,  Stanford  Research  Institute,  AD0625802, 1965. 
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Secondary  F1rts 

Secondary  fires  are  those  that  mult  from  airblest  damage.  Their 
causes  include  overturned  gas  appliances ,  broken  gas  lines*  and  elec- 
trical short-circuits.   McAuliffe  and  Moll  (Reference  1  )  studied 
secondary  fires  resulting  from  the  atomic  attacks  on  Hiroshima  and 
Nagasaki  and  compared  their  results  with  data  from  conventional  bomb- 
ings, explosive  disasters,  earthquakes,  and  tornadoes.   Their  major  con- 
clusion was  that  secondary  ignitions  occur  with  an  overail  average  fre- 
quency of  0.006  for  each  1000  square  feet  of  floor  space,  provided  air- 
blast  peak  overpressure  is  at  least  2  psi.   The  frequency  of  secondary 
ignitions  appears  to  be  relatively  insensitive  to  higher  overpressures. 


Based  on  surveys  of  Hiroshima  and  Nagasaki  buildings. 


FREQUENCY  OF  SECONDARY  IGNITIONS  AS  A  FUNCTION  OF  MLDING  TYPE 

Type  of  Structure 

Frequency  of  Secondary  Ignitions 

(for  each  1 ,000  square  feet  of  floor  area) 

Mood 

0.019 

Brick 

0.017 

Steel 

0.004 

Concrete 

0.002 

MULTIPLYING  FACTOR  FOR  TYPES  OF  BUILDING  OCCUPANCIES 

Type  of  Occupancy 

Mult10ly1ng  Factor 

Public 

0.4 

Mercantile 

0.5 

Residential 

0.5 

Manufacturing 

1.0 

Miscellaneous 

10.0 

MULTIPLYING  FACTOR  FOR  TIME  OF  DAY 

Time  of  Day 

Multiplying  Factor 

Night 

0.5 

Day  (other  than 
mealtimes) 

1.0 

Mealtimes 

2.0 

1  •    Secondary  Ignitions  in  Nuclear  Attack,  J.  McAuliffe  and  K.  Moll, 
Stanford  Research  Institute,  Menlo  Park,  California  94025,  SRI 
Project  5106  (AO  625173),  July  1965. 
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Thermal  Radiation  from  Nuclear 
Detonations  in  Urban 
Environments 


R.  E.  Marrs,  W.  C.  Moss,  B.  Whitlock 


June  7,  2007 

Even  without  shadowing,  the  location  of  most  of  the  urban  population  within 
buildings  causes  a  substantial  reduction  in  casualties  compared  to  the  unshielded 
estimates.  Other  investigators  have  estimated  that  the  reduction  in  bum  injuries  may  be 
greater  than  90%  due  to  shadowing  and  the  indoor  location  of  most  of  the  population  [6]. 


We  have  shown  that  common  estimates  of  weapon  effects  that  calculate  a 
"radius"  for  thermal  radiation  are  clearly  misleading  for  surface  bursts  in  urban 
environments.  In  many  cases  only  a  few  unshadowed  vertical  surfaces,  a  small  fraction 
of  the  area  within  a  thermal  damage  radius,  receive  the  expected  heat  flux. 


6.  L.  Davisson  and  M.  Dombroski,  private  communication;  "Radiological  and  Nuclear 
Response  and  Recovery  Workshop:  Nuclear  Weapon  Effects  in  an  Urban  Environment 
2007,"  M.  Dombroski,  B.  Buddemeier,  R.  Wheeler,  L.  Davisson,  T.  Edmunds,  L.  Brandt, 
R.  Allen,  L.  Klennert,  and  K.  Law,  UCRL-TR-XXXX  (2007),  in  review. 
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Even  without  shadowing,  the  location  of  most  of  the  urban  population  within 
buildings  causes  a  substantial  reduction  in  casualties  compared  to  the  unshielded 
estimates.  Other  investigators  have  estimated  that  the  reduction  in  bum  injuries  may  be 
greater  than  90%  due  to  shadowing  and  the  indoor  location  of  most  of  the  population  [6]. 


We  have  shown  that  common  estimates  of  weapon  effects  that  calculate  a 
"radius"  for  thermal  radiation  are  clearly  misleading  for  surface  bursts  in  urban 
environments.  In  many  cases  only  a  few  unshadowed  vertical  surfaces,  a  small  fraction 
of  the  area  within  a  thermal  damage  radius,  receive  the  expected  heat  flux. 


TRINITY  (19  kilotons,  100  feet  burst  altitude,  New  Mexico,  16  July  1945).  Note  the  very  slow  rate  of  fireball  rise. 


NOTE:  discrepancies  are  due  to  HUMIDITY  differences. 
ENCORE  nuclear  test  (Nevada  desert)  humidity  was  ONLY  19% 
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B. ,  On  Predicting  the  Ignition  Susceptibility  of  Typical  Kin- 
Fuels  to  Ignition  by  the  Thermal  Radiation  from  Nuclear  Det- 


onations, Tech.  Report  367,  U.S.  Naval  Radiological  Defense  Laboratory, 
San  Francisco,  Calif.,  April  1959.  (U) 


FIRE  FIGHTING 

FOR1*™ 
IOUSEHOLDERS 


Folded  newspapers  may  not  take 
lire,  but  loosely  crumpled  ones  will. 
The*  answer?  Get  rid  of  trash. 

A  wet  mop  or  broom  will  snuff 
out  small  fires.  So  will  a  burlap 
bag  or  a  small  rug  soaked  in  water. 


Buckets  of  water  and  sand  are 
essential. 

Water  Is  an  effective  fire  fight- 
ing agent  because  it  smothers  and 
cools  at  the  same  time. 
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Even  without  shadowing,  the  location  of  most  of  the  urban  population  within 
buildings  causes  a  substantial  reduction  in  casualties  compared  to  the  unshielded 
estimates,  Other  investigators  have  estimated  that  the  reduction  in  burn  injuries  may  be 
greater  than  90%  due  to  shadowing  and  the  indoor  location  of  most  of  the  population  [6]. 

We  have  shown  that  common  estimates  of  weapon  effects  that  calculate  a 
'radius"  for  thermal  radiation  are  clearly  misleading  for  surface  bursts  in  urban 
environments.  In  many  cases  only  a  few  unshadowed  vertical  surfaces,  a  small  fraction 


Jun6  7,  2007  of  the  area  within  a  thermal  damage  radius,  receive  the  expected  heat  flux. 
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Feasibility 

In  the  typical  household,  some  materials  vlLl  generally  be  available  for 

covering  windows  against  thermal  radiation*    One  half  roll  of  aluminum  foil  would 

2 

cover  about  25  ft    and  would  provide  very  effective  covering  for  1  to  2  windows 
(those  most  likely  to  face  the  blast)*    Sufficient  quantities  of  either  light 
colored  paint,  Bon  Ami,  or  whiting  would  be  available  In  most  households  to 
cover  windows*    Aluminum  screens  attenuate  from  30  -  50%  of  the  thermal  radiation 
and  hence  screens  should  be  closed  or  installed* 

2 

Hie  amount  of  water  per  square  foot  required  to  dissipate  25  cal/cm  of 

thermal  radiation  can  quickly  be  calculated  from  the  heat  of  vaporization  of 

water  (580  cal/gm)*    Allowing  90%  losses  due  to  absorption  or  spillage,  one 

2 

gallon  of  water  Is  sufficient  to  wet  10  ft    of  material  so  that  It  can  withstand 
2 

25  cal/cm    of  direct  thermal  radiation  (i*c* ,  the  radiation  Is  normal  to  the 
material  surface  at  all  points)*    Since  the  average  dally  water  consumption  per 
service  (Reference  3)  Is  about  700  gallons,  It  Is  apparent  that  the  wetting  of 
Interior  flammables  (piled  up  curtains ,  furniture,  etc*)  Is  feasible  In  most 
cases  when  used  In  conjunction  with  the  other  measures* 
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Foreword 


This  book  is  a  revision  of  "The  Effects  of  Nuclear 
Weapons"  which  was  issued  in  1957.  It  was  prepared 
by  the  Defense  Atomic  Support  Agency  of  the  Department 
of  Defense  in  coordination  with  other  cognizant  govern- 
mental agencies  and  was  published  by  the  U.S.  Atomic 
Energy  Commission.  Although  the  complex  nature  of 
nuclear  weapons  effects  does  not  always  allow  exact 
evaluation,  the  conclusions  reached  herein  represent  the 
combined  judgment  of  a  number  of  the  most  competent 
scientists  working  on  the  problem. 

There  is  a  need  for  widespread  public  understanding 
of  the  best  information  available  on  the  effects  of  nuclear 
weapons.  The  purpose  of  this  book  is  to  present  as 
accurately  as  possible,  within  the  limits  of  national 
security,  a  comprehensive  summary  of  this  information. 


Secretary  of  Defense 


Chairman 
Atomic  Energy  Commission 


BASIS  FOR  PROTECTIVE  ACTION 


12.11  In  Japan,  where  little  evasive  action  was  taken,  the  survival 
probability  depended  upon  whether  the  individual  was  outdoors  or 
inside  a  building  and,  in  the  latter  case,  upon  the  type  of  structure. 
At  distances  between  0.3  and  0.4  mile  (530  and  700  yards)  from  ground 
zero  in  Hiroshima  the  average  survival  rate,  for  at  least  20  days  after 
the  nuclear  explosion,  was  less  than  20  percent.  Yet  in  two  reinf orced- 
concrete  office  buildings,  at  these  distances,  almost  90  percent  of  the 
nearly  800  occupants  survived  more  than  20  days,  although  some  died 
later  from  radiation  injury. 

These  facts  bring  out  clearly  the  greatly  improved  chances 
of  survival  from  a  nuclear  explosion  that  could  result  from  the  adoption 
of  suitable  warning  and  protective  measures. 

Table  12.29— ARRIVAL  TIME  FOR  PEAK  OVERPRESSURE 

Explosion  yield 

Distance   ■  

(miles)  1  KT  10  KT  100  KT  1  MT  10  MT 

(Time  in  seconds) 

1  4.  3  3.  6  3.  7  2.  5  1.  5 

2  9  8.  1  7.  4  6.  5  5.  0 

12.35.  The  major  part  of  the  thermal  radiation  travels  in  straight 
lines,  and  so  any  opaque  object  interposed  between  the  fireball  and 
the  exposed  skin  will  give  some  protection.  This  is  true  even  if  the 
object  is  subsequently  destroyed  by  the  blast,  since  the  main  thermal 
radiation  pulse  is  over  before  the  arrival  of  the  blast  wave. 

12.36  At  the  first  indication  of  a  nuclear  explosion,  by  a  sudden 
increase  in  the  general  illumination,  a  person  inside  a  building  should 
immediately  fall  prone,  as  described  in  §  12.30,  and,  if  possible,  crawl 
behind  or  beneath  a  table  or  desk  or  to  a  planned  vantage  point. 

12.  72  Because  of  its  particulate  nature,  fallout  will  tend  to  col- 
lect on  horizontal  surfaces,  e.g.,  roofs,  streets,  tops  of  vehicles,  and  the 
ground.  In  the  preliminary  decontamination,  therefore,  the  main  ef- 
fort should  be  directed  toward  cleaning  such  surfaces.  The  simplest 
way  of  achieving  this  is  by  water  washing,  if  an  adequate  supply  of 
water  is  available.  The  addition  of  a  commercial  wetting  agent 
(detergent)  will  make  the  washing  more  efficient.  The  radioactive 
material  is  thus  tranf erred  to  storm  sewers  where  it  is  less  of  a  haz- 
ard. 
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Nevada  in  1953. 
12  calories  per  square  centimeter  ignitable 


after  exposure  to  a  nuclear  explosion 


7.59  The  value  of  fire-resistive  furnishing  in  decreasing  the  num- 
ber of  ignition  points  was  also  demonstrated  in  the  tests.  Two 
identical,  sturdily  constructed  houses,  each  having  a  window  4  feet 
by  6  feet  facing  the  point  of  burst,  were  erected  where  the  thermal 
radiation  exposure  was  17  calories  per  square  centimeter.  One  of 
the  houses  contained  rayon  drapery,  cotton  rugs,  and  clothing,  and, 
as  was  expected,  it  burst  into  flame  immediately  after  the  explosion 
and  burned  completely.  In  the  other  house,  the  draperies  were  of 
vinyl  plastic,  and  rugs  and  clothing  were  made  of  wool.  Although 
much  ignition  occurred,  the  recovery  party,  entering  an  hour  after 
the  explosion,  was  able  to  extinguish  the  fires. 

7.76  It  should  be  noted  that  the  fire  storm  is  by  no  means  a  special 
characteristic  of  nuclear  weapons.  Similar  fire  storms  have  been  re- 
ported as  accompanying  large  forest  fires  in  the  United  States,  and 
especially  after  incendiary  bomb  attacks  in  both  Germany  and  Japan 
during  World  War  II.  The  high  winds  are  produced  largely  by  the 
updraft  of  the  heated  air  over  an  extensive  burning  area.  They  are 
thus  the  equivalent,  on  a  very  large  scale,  of  the  draft  of  a  chimney 
under  which  a  fire  is  burning.  Because  of  limited  experience,  the 
conditions  for  the  development  of  fire  storms  in  cities  are  not  well 
known.  It  appears,  however,  that  some,  although  not  necessarily  all, 
of  the  essential  requirements  are  the  following:  (1)  thousands  of 
nearly  simultaneous  ignitions  over  an  area  of  at  least  a  square  mile, 
(2)  heavy  building  density,  e.g.,  more  than  20  percent  of  the  area  is 
covered  by  buildings,  and  (3)  little  or  no  ground  wind.  Based  on 
these  criteria,  only  certain  sections — usually  the  older  and  slum 
areas — of  a  very  few  cities  in  the  United  States  would  be  susceptible 
to  fire  storm  development" 


Weapon  test  report  WT-775,  Project  8.1 1  b, 
ENCORE  nuclear  test,  Nevada,  1953: 

Decayed      White  Decayed  + 

fence       washed  trashed 


No  trash  kindling   Trash  kindling  for  fire 


Effect  of  12  calories/sq  cm  thermal  flash: 


NO 
FIRE 


BURNED  AFTER 
15  MINUTES 

6'  x  6'  wood  frame  houses 


IMMEDIATE 
IGNITION 


WT-  774 

Copy  No.     135  A 


UPSHOT-KNOTHOLE 

NEVADA  PROVING  GROUNDS 


March -June  1953 


Project  8.11a 

INCENDIARY  EFFECTS  ON  BUILDING 
AND  INTERIOR  KINDLING  FUELS 

(ENCORE  EFFECT  REPORT) 

27  kt  at  2,423  feet  altitude,  19%  humidity 
(DASA-1251)     (Note:  cities  humidity  is  -50-80%) 

RESTRICTED  DATA 

This  dc  -  "it  contairs  restricted  data  as 
define.,  ^e  Atomic  Energy  Act  oi  1946. 
Its  Er*.  -iHttal  or  the  dfsclosure  of  its 
cent  sat*  in  any  manner  to  an  unauthorized 
(gersoff  is  prohibited. 
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Weapon  test  report  WT-774,  Project  8.1  la,  Incendiary  effects  on  buildings  and  interior  kindling  fuels 


ENCORE  test,  Nevada,  1953 
10'  x  12'  wooden  houses  with  4'  x  6'  windows 
17  calories/sq.  cm  thermal  flash 


Immediate  room  flashover  during  thermal  pulse 
("Encore  effect")  in  inflammables-filled  house 
while  fire-resistant  fabrics  in  other  house  survived! 


LEFT  HOUSE:  fire-resistant  furnishings  RIGHT  HOUSE:  non-fire  resistant  furnishings 

(woolen  rugs  and  clothes,  vinyl  plastic  draperies)     plus  inflammable  magazines  and  newspapers 


■    £  i 

Smouldering  armchair  extinguished  1  hour  after  detonation,  when  recovery  party  arrived  at  house 


EFFECTS  OF  1  PSI 
OVERPRESSURE  ON 
IGNITIONS 

From:  Goodale.  Effects  of 
Air  Blast  on  Urban  Fires 
URS  7009-14  Dec.  1970 

(AD  723  429) 


Blast  winds  both 
cool  burning 
material  and 
upset  flame 
convection  system. 

50%  of  burning 
curtains  are 
extinguished  by 
1  psi  overpressure 

100%  are  put  out  by 
2.5  psi.  Note  that 
burning  LIQUIDS 
in  high-wall  trays 
are  not  put  out  by 
blast  waves,  but  this 
is  not  relevant  to 
city  fires. 

Burning  beds  can 
continue  to  smoulder 
until  extinguished 
with  water. 


47  kt  Greenhouse 
Easy,  Eniwetok 
Atoll,  1951.  Brick 
house,  3  psi  peak 
overpressure 


0.6  second 


Impact  +  1.0  second 


Afterward 


THERMAL  RADIATION  FROM  NUCLEAR  EXPLOSIONS 


Harold  L*  Brode 
The  RAND  Corporation,  Santa  Monica,  California 

P-2745     August  1963 

-17- 

We  have  all  had  the  frustrating  experience  of  trying  to  light  a 
fire  with  green,  moist,  or  wet  wood.    Just  as  wet  wood  can't  be  easily 
induced  to  burn,  so  thick  combustibles  are  not  easily  ignited*  Even 
a  dry  two-by-four  burns  reluctantly  and  stops  burning  when  taken  out 
of  the  fire*    It  is  a  different  matter  with  a  shingle  or  a  bunch  of 
kindling!    Density  also  plays  a  role,  a  heavier  combustible  being 
harder  to  ignite  than  lighter-weight  material.    Of  course,  the  chemistry 
of  the  material  to  the  degree  that  it  influences  kindling  temperatures 
and  flammabllity,  is  an  important  parameter.    Modern  plastics  tend  to 
smoke  and  boil  -  to  ablate  but  not  to  ignite  in  sustained  burning  - 
while  paper  trash  burns  readily. 


Just  as  most  materials  are  not  particularly  sensitive  to  the 
sun*  s  thermal  radiation,  and  are  not  highly  inflammable  nor  even 
ignitible,  the  surfaces  exposed  to  the  thermal  intensity  of  a  nuclear 
explosion  are  generally  not  given  to  sustained  burning*    Very  Intense 
heat  loads  may  mar  or  melt  surfaces,  may  char  and  burn  surfaces  while 
the  heat  is  on,  but  may  snuff  out  immediately  afterward. 


-l8- 

PRIMARY  AND  SECONDARY  FIRES  FROM  NUCLEAR  EXPLOSIONS 

Although  thermal  radiation  would  start  many  fires  in  urban  and 
in  most  suburban  areas,  such  fires  by  themselves  would  seldom  con- 
stitute a  source  of  major  destruction.    Outside  the  region  of  exten- 
sive blast  damage,  fires  in  trash  piles,  in  dry  palm  trunks,  in  roof 
shingles,  in  auto  and  household  upholstery,  drapes,  or  flammable 
stores  are  normally  accessible  and  readily  controllable*    By  the  very 
fact  that  these  fires  start  from  material  exposed  to  the  incident 
light,  they  can  be  easily  spotted  and,  in  the  absence  of  other  dis- 
tractions, can  be  quickly  extinguished.    Where  the  blast  effects  are 
severe  and  damage  extensive,  little  effective  fire  fighting  is  likely. 


A  SURVEY  OF  THE  WEAPONS  AND  HAZARDS  WHICH  MAY  FACE 
THE  PEOPLE  OF  THE  UNITED  STATES  IN  WARTIME 


Harold  L.  Brode 
P-3170 
June  1965 
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Most  exposed  surfaces  in  the  city  ere 
non- combustible  end  much  of  the  remainder  is  not  ignitable  by  thermal 
flash.    Although  many  fires  could  simultaneously  stert  wherever  build- 
ing interiors  ere  illuminated  by  the  bomb  thermal  energy,  they  ere 
not  likely  to  be  inmed lately  beyond  control,  end  will  often  go  out 
unattended  as  they  exhaust  the  available  fuel  (as  in  trash  barrels  or 
isolsted  wood  piles  or  even  pieces  of  paper  on  tables  or  floors) . 

Hanging  non-flamneble  shields  over 
window  openings  and  removing  likely  fuels  from  exposed  positions 
could  also  help. 


RAND  CORPORATION 


If  YOU  THINK  IT'S  HOPELESS ,  YOU'RE  WRONG 


FOUR  STRAIGHTFORWARD  SIMPLE  FACTS  ABOUT 

Civil  Defence  Today 


The  basic  minimum  of  information  for  every  responsible  man  and  woman 


fl  The  H-Bomb:  we  hear  too  much  of  the  horrors, 
J  ?  not  enough  about  our  chances  of  survival  Some 
people  will  tdl  you  that  if  this  country  were  attacked  with  H-Bombs, 
every  man  jack  of  the  population  would  be  wiped  out.  That  jut t 
isn't  true:  it  isn't  anything  LIKE  the  truth. 

There  would  be  terrible  devastation,  but  for  millions  and 
millions  of  people,  chances  of  survival  would  be  very  good.  It 
depends  very  much  on  our  Civil  Defence.  The  more  people  we 
have  in  it,  the  better. 

)  Civil  Defence  is  well  on  with  the  Job  already. 

7  Some  people  think  of  Civil  Defence  equipment  as  a  long- 
handled  shovel,  a  rather  odd  tin  hat,  and  so  on. 

Well,  it's  not  like  that  at  all.  Civil  Defence  today  is  a  modern, 
country-wide  Service,  which  offers  you  training  with  first-class 
equipment— radio  and  radiation-testing  instruments,  fire-fighting 
apparatus  and  rescue  gear,  and  the  latest  four-wheel-drive  vehicles. 
There  are  thousands  of  qualified  Instructors,  three  full-tune 
Instructors*  Schools,  and  a  Staff  College  for  advanced  courses 


The  more  you  get  to  know  about  Civil  Defence,  the  more 


There  is  a  Civil  Defence  organisation  in  every  town  in  the 
Kingdom,  and  there  are  units  in  thousands  of  industrial  firms. 
There  arc  half  a  million  people  in  the  Civil  Defence  Services 
today.  But  half  a  million  is  not  enough:  not  nearly. 

Civil  Defence  is  useful  to  you  now,  in  peace.  In 
C/  Civil  Defence  today,  you  Urn.  That  is  the  whole  aim  and 
object  of  joining. 

You  learn,  first  and  foremost,  how  to  live  with  your  eyes  open 
in  the  same  world  as  the  H-Bomb.  You  begin  to  learn  what  this 
new,  nuclear-age  world  is  really  like.  You  acquire  a  fuller,  deeper 


understanding  of  many  important  events  that  we  are  all  involved 
in,  whether  we  like  it  or  not. 

Besides  this,  there  is  a  practical,  everyday  value  in  the  things 
you  learn.  Take  just  one  part  of  it— First  Aid.  In  Great  Britain  in 
1956  there  were  over  a  quarter  of  a  milium  casualties  from  motor 
accidents,  and  probably  at  least  another  million  casualties  from 
accidents  in  the  home.  What  you  know— or  don't  know  about 
First  Aid  could  make  all  the  difference  to  somebody. 

Do  you  know  how  to  put  out  a  fire?  Do  you  know  how  to 
operate  a  radio  transmitter?  These  are  two  more  of  the  useful, 
interesting  things  that  Civil  Defence  could  teach  you,  now. 

Do  you  remember  the  East  Coast  floods,  the  Lynmoutb 
disaster,  the  Harrow  rail  smash?  These  are  three  of  the  e 
ties  where  trained  volunteers  from  Civil  Defence  w 
able  to  help.  They  were  needed. 


^  Civil  Defence  wants  more  volunteers,  NOW. 
"Salt's  no  good  saying  "I'll  be  there  on  the  day."  Thar, 
too  late.  There  wouldn't  be  time  to  train  you  and  organise  you, 

It's  no  good  leaving  Civil  Defence  to  other  people.  For  every- 
body else,  The  Other  Fellow  is  YOU. 

You  live  in  this  world,  you  arc  part  of  the  nuclear-age— there  is 
no  opting-out  for  anybody.  Civil  Defence  mattert— and  matters 
to  YOU. 

Go  along  to  your  Council  Offices  today,  and  ask  about  Civil 
Defence.  There's  no  commitment,  no  *buu",  no  length-of-tervice 


Your  training  takes  only  about  one  hour  a  •***.  The  classes  tie 
free,  and  arc  near  your  own  home.  The  knowledge  you  gain  could 
be  useful  to  you  at  any  time,  and  would  be  vital  to  you  if  we 
were  at  War. 

Civil  Defence  is  sound  common  sense.  It's  high  time  you 


Civil  Defence  Recruiting  Drives  are  going  on  now,  all  over  the  country. 
Their  object  is  to  tell  you  all  about  Civil  Defence  — what  it  can  do, 
what  it  IS  doing  and  what  there  is  in  it  for  you. 


The  FOURTH  Arm 

Traditionally,  we  have  three  Services  in  this  country:  the  Royal  Navy, 
the  Army,  and  the  Royal  Air  Force.  Now,  we  have  a  fourth  service  of  the 
Crown— unarmed,  volunteer,  part-time— but  not  less  vital  than  the 
others:  Civil  Defence.  We  have  peacetime  Civil  Defence  for  just  the 
same  reasons  that  we  have  a  peacetime  Navy,  Army  and  Air  Force:  it  is 
an  essential  part  of  our  ordiniry  peacetime  national  preparedness. 
That  is  all  there  is  to  it. 

WHAT  YOU  CAN  DO  IN  CIVIL  DEFENCE 

Five  Sections:  which  will  you  join? 


WARDEN.  This  is  t  job  foe  •  man 
or  woman  with  a  quick,  cool  head  and 
the  power  of  leadership— and  some- 
thmg  of  a  flair  for  getting  on  with 
people.  The  Warden  take*  control  of 
the  area  in  an  exigency  and  direct. 


HEADQUARTERS.  This  Is  the 
nerve-centre,  where  the  reports  conn 
in  and  the  orders  go  out.  If  you  ait 
an  office  or  scientific  worker,  a  radio 


The  WELFARE  Section  would  be 
called  on  first  to  help  in  bringing 
care  and  comfort  to  some  millions  of 
evacuees  But  that  is  only  the  begin- 
ning of  their  job.  After  an  attack, 
there  would  be  more  millions  of 
people,  to  be  housed,  clothed,  fed 
and  kept  healthy.  Our  very  survival 
could  depend  on  what  the  Welfare 
Section  did  then.  The  Welfare 


AND  THE  AUXILIARY  FIRE 


times        to  offer.  The  work  la  li 


d  hen  trained 
in  the  use  of  all  of  them  Backing  u» 
the  Rescue  Squad  it  a  ipeoal  Rescut 


d  be  numerous  and  quick  to 
id.  The  A.F.S.  ha*  special 


wine  he* ,  *t  ret  then  and  heavy  n 
gear.  A  rescue  man  needs  in 
genoe  ss  well  as  strength. 


collectors,  to  give  First  Aid  and 
sec  that  the  injured  get  back  safely 
to  the  ambulances — and  driven 
to  take  the  ambulances  back  to 


vd  U  you  drive  a  car 
h  the  better. 


IN  EVERY  SECTION 

YOU  GET 
FIRST  AID  TRAINING 


Welfare  Section 


iSUED     FOR     H.M       GOVERNMENT     BY     THE     CENTRAL     OFFICE     OF  INFORMATION 


ts  common  sonso 


Go  to  your  Council  Offices  and  ask,  today.  They  will  be  glad  to  see  you. 
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THE   EFFECTS  OF 
THE   ATOMIC  BOMBS 
AT  HIROSHIMA 
AND  NAGASAKI 

REPORT   OF   THE  BRITISH 
MISSION   TO  JAPAN 

40.  The  provision  of  air  raid  shelters  throughout  Japan  was  much  below 
European  standards.  Those  along  the  verges  of  the  wider  streets  in  Hiroshima 
were  comparatively  well  constructed  :  they  were  semi-sunk,  about  20  ft.  long, 
had  wooden  frames,  and  1  ft.  6  ins.  to  2  ft.  of  earth  cover.  One  is  shown  in 
photograph  17.  Exploding  so  high  above  them,  the  bomb  damaged  none  of 
these  shelters. 

41.  In  Nagasaki  there  were  no  communal  shelters  except  small  caves  dug 
in  the  hillsides.  Here  most  householders  had  made  their  own  backyard  shelters, 
usually  slit  trenches  or  bolt  holes  covered  with  a  foot  or  so  of  earth  carried  on 
rough  poles  and  bamboos.  These  crude  shelters,  one  of  which  is  shown  in 
photograph  18,  nevertheless  had  considerable  mass  and  flexibility,  qualities 
which  are  valuable  in  giving  protection  from  blast.  Most  of  these  shelters 
had  their  roofs  forced  in  immediately  below  the  explosion  ;  but  the  proportion 
so  damaged  had  fallen  to  50  per  cent,  at  300  yards  from  the  centre  of  damage, 
and  to  zero  at  about  J  mile. 

42.  These  observations  show  that  the  standard  British  shelters  would  have 
performed  well  against  a  bomb  of  the  same  power  exploded  at  such  a  height. 
Anderson  shelters,  properly  erected  and  covered,  would  have  given  protection. 
Brick  or  concrete  surface  shelters  with  adequate  reinforcement  would  have 
remained  safe  from  collapse.  The  Morrison  shelter  is  designed  only  to  protect 
its  occupants  from  the  debris  load  of  a  house,  and  this  it  would  have  done. 
Deep  shelters  such  as  the  refuge  provided  by  the  London  Underground  would 
have  given  complete  protection. 


LONDON 
1946 


Photo  No.  17.  HIROSHIMA.  Typical,  part  below  ground,  earth- 
covered,  timber  framed  shelter  300  yds.  from  the  centre  of  damage,  which  is  to  the 
right.  In  common  with  similar  but  fully  sunk  shelters,  none  appeared  to  have  been 
structurally  damaged  by  the  blast.  Exposed  woodwork  was  liable  to  "  flashburn." 
Internal  blast  probably  threw  the  occupants  about,  and  gamma  rays  may  have 
caused  casualties. 


Photo  No.  18.  NAGASAKI.  Typical  small  earth-covered  back  yard 
shelter  with  crude  wooden  frame,  less  than  100  yds.  from  the  centre  of  damage, 
which  is  to  the  right.  There  was  a  large  number  of  such  shelters,  but  whereas* 
nearly  all  those  as  close  as  this  one  had  their  roofs  forced  in,  only  half  were 
damaged  at  300  yds.,  and  practically  none  at  half  a  mile  from  thecentre  of  damage. 
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HOME  OFFICE,  Date  of  Issue:      14th  January,  1 955* 

Civil  Defence  Department, 

Intelligence  Branch.  GDI    $  p«% 

CD.  INFORMATION  BULLETIN  NO.  1/1955 

Subject:      Publicity  pjLven  in  the  United  States  of  America 
to  Radioactive  Fall-out 

EARLY  MERESSIONS 

By  way  of  introduction  we  can  say  that  the  radioactive  effect  of  atomic 
weapons  has  "been  of  continuing  interest  to  "the  American  public  since  the  first 
atomic  "bombs  were  dropped  in  1945»     Americans,  having  become  fairly  used  to 
the  idea  of  radiation,  took  no  more  than  a  passing  interest  in  the  story  of 
the  crew  of  the  Japanese  fishing  boat  "The  Fortunate  Dragon"  and  of  the 
Marshall  Islanders  who  experienced  a  noxious  fall-out  during  the  Pacific  tests 
in  the  Spring  of  1954»      What  was  not  known  or  expected,  however,  was.  the 
strong  probability  that  the  wide-spread  fall-out  of  noxious  particles  was  no 
mere  accident  but  an  inherent  characterestic  of  the  new  kind  of  hydrogen  bomb. 
Official  sources,  apart  from  commenting  on  the  increased  power  of  the  bomb, 
gave  no  hint  of  this  but  rather  stressed  the  twin  characteristics  of  heat  and 
blast,  particularly  the  first  of  these.      Furthermore,  the  impression  given 
was  that  intensive  radioactivity  might  be  achieved  only  by  using  a  cobalt  layer 
to  form  active  cobalt  dust* 

PUBLIC  STATEMENTS  BY  U.S.  SCIENTISTS 

Early  in  October,  Dr.  Lapp  one  of  the  men  who  helped  develop  the  atom 
bomb  and  now  Director  of  the  Nuclear  Science  Service,  deprecated  in  a  public 
statement  the  atomic  secrecy  \4iich  prevented  American  Civil  Def enee  telling 
the  facts.      Later  in  October,  Dr.  Lapp,  in  a  public  speech  said  that  shelter 
of  20-30  ins.  of  hard-pa oked  earth  overhead  would  be  sufficient  to  protect 
against  a  fall-out  and  suggested  that  one  should  stay  in  such  a  shelter  for 
at  least  a  day  after  the  fall-out  had  ended,      "The  decay  is  rapid"  he  said. 

"How  long  a  fall-out  area  would  be  uninhabitable  for  permanent  occupancy  is 
something  that  needs  a  lot  of  study.      The  Government  should  come  out  in  the 
open,  face  this  problem  and  find  the  answers". 

New  York  Post  editorial  of  December  14  took  note  of  rumours  published 
in  the  Japanese  press  as  to  the  seriousness  of  injuries  to  accidental  victims 
of  the  world1  s  first  H-bomb  explosion,  making  the  point  that  the  subject  of 

radiation  "is  surrounded  with  the  strictest  kind  of  hush-hush   It 

is  entirely  possible  that  the  data  now  at  hand  is  inconclusive.      But  surely 
it  is  time  for  official  candor.      In  the  absence  of  candor  the  scare  will  spread. 
If  there  is  any  evidence  indicating  that  humanity  is  slowly  crippling  itself 
by  playing  around  with  nuclear  weapons,  it  can  hardly  be  long  suppressed. 
There  is  every  reason  for  nn  authoritative  statement  from  the  White  House  now 
as  to  what  we  know  -  and  don't  know  -  about  this  ghoulish  topic." 

Chairman  Lewis  L.  Strauss  of  the  A.E.C.  said  on  December  15,  that 
the  U.S.  was  "making  very  rapid  and  satisfactory  progress"  and  continued  to 
lead  Russia  in  the  nuclear  weapons  field.     He  made  the  statement  in  a  copy- 
righted interview  with  the  magazine  U.S.  News  and  World  Report.  Strauss 
also  was  asked  whether  the  world  was  getting  more  radioactive  as  more  and 
more  atomic  tests  are  conducted.      The  A.E.C.  Chairman  replied,  "Yes,  but  not 
significantly,"  and  he  added:      "Ever  since  the  first  atonic  bomb  was  tested 
....  infinitesimal  amounts  of  radioactivity  have  been  distributed  around  the 
world.      I  am  advised  by  those  who  knew  that  the  radiation  dose  from  fall-out 
is  many  times  less  than  the  dose  rate  due  to  cosmic  rays."      (AF-Wash.  Star, 

U.S.  News  and  World  Report)  A. B.C.  Chairman  Strauss  took  the 

optimistic  view  about  the  outcome  of  nuclear  warfare.     Offering  his  views 
as  the  adult  guest  on  the  New  York  Times  Youth  Forura,  Strauss  said  he  did 
not  believe  such  warfare  would  destroy  the  earth  or  civilization.      "I  believe 
that  man  will  control  the  atom  long  before  he  learns  to  control  himself. " 
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Promulgated  by  Command  of 
the  Army  Council, 


Promulgated  by  Command  of 
the  Air  Council, 


Telegraph  pole  burnt  on  the  side  facing  the  flash.  Note  where 

foliage  has  acted  as  a  shield 


Shelter  100  yards  from  the  centre  of  damage — Nagasaki 


Protection  against  fall-out 

101.  Except  in  the  immediate  vicinity  of  a  nuclear  explosion  a  reasonably 
accurate  prediction  of  the  area  of  fall-out  can  be  made  in  time  for  a 
warning  to  be  issued  to  units  in  the  areas  in  which  it  is  likely  to  fall.  Given 
a  reasonable  warning  it  may  be  possible  to  evacuate  the  area  before  the 
fall-out  arrives.  In  any  case  simple  precautionary  measures  can  greatly 
reduce  the  hazard  to  life. 


102.  Exposure  to  the  radio-active  radiations  from  fall-out  can  be  reduced 
by  taking  sheltei  and  by  using  simple  decontamination  procedures  until 
such  time  as  persons  can  leave  the  area.  In  areas  where  radio-active  contami- 
nation is  heavy  it  may  be  necessary  to  remain  under  cover  for  as  long  as 
48  hours  before  the  radiations  will  have  fallen,  by  natural  decay,  to  levels 
at  which  it  will  be  safe  for  persons  to  move  about,  either  to  leave  the  aiea, 
or,  in  the  case  of  rescue  teams  from  other  areas,  to  enter  it. 

103.  The  estimated  degree  of  protection  against  the  residual  radiation 
to  be  obtained  from  buildings,  trenches,  etc,  in  a  fall-out  area  is  shown 
at  Table  7 


Table  7.  Estimated  degree  of  protection  against  the  residual  radiation  to  be 
obtained  from  various  buildings,  trenches,  etc,  in  a  fall-out  area 


Type  of  building  or  shelter 


Slit  trench   with  light  board  or 

corrugated  iron  overhead 
Slit  trench  with  1  ft  of  earth  overhead 
Slit  trench  with  2  ft  to  3  ft  of  earth 

overhead 
Nissen  hut 

One  storey  brick  house 
Two  storey  brick  house 
Three  storey  brick  house 

Average  two  storey  house  in  a  built 
up  area 
Basements 


INSIDE  dose  expressed  as  a 
fraction  of  the  OUTSIDE  dose 
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dependent  upon  wall 
thickness  and  shield- 
ing afforded  by  neigh- 
bouring houses 


dependent  upon  shield- 
ing   afforded  by 
neighbouring  houses 
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Type  la  earth -covered  doors-over  trench  shelter 
Home  Office  Scientific  Advisory  Branch  (Home 
Defence  College,  Easingwold,  York,  1 980) 


HI 


Type  2  indoor  Morrison  shelter 


UK  Ministry  of  Home  Security,  "How  to 
Put  Up  Your  Morrison  'Table'  Shelter/' 
Fig.  3, 1942: 


UK  Home  Office,  "Domestic 
Nuclear  Shelters:  Technical 
Guidance,"  Fig.  80, 1982: 


Fallout  radiation 
is  shielded  by 
dense  materials 
on  and  around 
shelter 


Type  3  outdoor  Anderson  shelter 


Type  4  reinforced  concrete  shelter  (Nevada  bomb  test) 
Fig.  12.54  in  Glasstone  Effects  of  Nuclear  Weapons,  1957 


Tl/53 


copy  No.  Id 

14  PACES 


UK  NATIONAL  ARCHIVES:   ES  5/1 

T  I  /53  mJSSSL^j 


I 


MINISTRY  OF  SUPPLY 


ATOMIC    WEAPONS    RESEARCH  ESTABLISHMENT 


REPORT    No.  Tl/53 


DECLASSIFIED  FOR  PR.' 
BY  AWE  ALDERMASTOfv 


TOP   SECRET  ^ 

Sf.  W  B.M  ^KOVERrslf-fCt^X.  and  ir'Suended 
only  for  the  perianal  information  of 

 hka 


and  of  thote .office n  under  hirtV  whoie  duu'u 
it   »n ecn.^H.  ts  personally  responsible  for  iu 


MM  CUMdh  and  that  iu  concerns  arVdiscloted 
to_tl>etfe  officers  and  to  them  only.  >v 

document  will  be  kept  in  a  lockeVufe 
not  in  actual  use.  \ 


A..W.R.E. 

Aldermaston  Berks. 


May.  1953 


3.2     Blast  D»ro»p*  Outdoor  peak  overpressure  was  51  psi  at  500  yds, 

25  psi  at  665  yds  and  1 0  psi  at  1 ,000  yds 
3*  2.  1      Anderson  Shelters  3  psi  extended  to  2,000  yds 

Standard  Anderson  Shelters,  with  sandbag  covering  and  "blast 
wall  construction  were  located  at  460,  510,  600,  920  and  1,130  yards 
from  ground  zero*     Mean  blast  pressures,  in  pounds/sq.  inch,  recorded 
inside  the  shelters  are  shown  in  the  following  table. 


Distance  (yds. ) 

Presentation 

Front 

Side 

Rear 

460 

m 

NR 

NR 

510 

38 

27 

40 

600 

28 

21 

28 

920 

16 

7 

14 

1130 

8.5 

4 

5-5 

Front  presentation  implies  blast  wall  facing  towards  event. 
Rear  «  »  •»       »•  M     away  from  event. 

Side  "  "       shelter  side  on  to  event. 

Shelters  at  460,  510  and  600  yards  suffered  damage  including 
demolition  of  blast  walls,  removal  of  sandbag  covering  and  some 
displacement  of  the  corrugated  iron. 

At  920  and  1,130  yards  the  shelters  suffered  relatively  little 
damage. 

Civil  defence  authorities  consider  that  there  might  have  been 
aome  50^  survival  from  blast  damage  of  personnel  in  shelters  at 
460  yards  and  some  90  per  cent  at  600  yards,  fatal  casualties  being__ 
mainly  due  to  seoor^"^y  friAgt  effects  (e.g.  debris)  and  not  to  oirecl, 
eff ects  on  the  person  of  the  blast  pressure  itself.  ~  The  front 
presentation  appears  the  most  hazardous,  due  to  the  collapse  of  the 
blast  wall  into  the  shelter.     At  such  distances,  however,  the 
survival  from  the  effects'  of  gamma  flash  would  have  been  virtually 

^  (Mode  eMxft  oveK  /s  tnei>e?>  tp&frTttffT) 

At  920  and  1,130  yards  there  would  have  been  no  casualties  from 
blast,  and  incidentally,  little  risk  from  the  effect  of  gamma  flash. 
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Anderson  shelter  which  saved  lives  of  three  children  by  absorbing  blast 
(out  of  copyright  H.  M.  S.  O.  photo,  see  'The  Wartime  House",  201 1,  pi 24) 
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ANDERSON  SHELTER  TESTS  AGAINST  25  KT  NUCLEAR 

NEAR  SURFACE  BURST    (2.7  METRES  DEPTH  IN  SHIP) 

AWRE-Tl/54,   27  Aug.  1954 

SECRET -GUARD 

ATOMIC  WEAPONS  RESEARCH  ESTABLISHMENT 
(formerly  of  Ministry  of  Supply) 

SCIENTIFIC  DATA  OBTAINED  AT  OPERATION  HURRICANE 
(Monte  Bello  Islands,  Australia— October,  1952) 

130  x  10"     7  7x  106     13- 5  x  10° 
p_      R3     +      R2     +  R 

p  is  the  maximum  excess  pressure  in  p.s.i.  and  R  is  the  distance  in  feet 


Left:  Fig.  12.3,  Andersons  at  1800  ft  after  burst.  Right: 
Fig.   12.4,  Andersons  protected  by  blast  walls  at  2760  ft. 


12.1.  Blast  Damage  to  Anderson  Shelters    Sandbags  failed  to  provide  any 

earth-arching  protection 

At  1,380  feet,  Fig.  12.1,  parts  of  the  main  structure  of  the  shelters  facing 
towards  and  sideways  to  the  explosion  were  blown  in  but  the  main  structure  of 
the  one  facing  away  from  the  explosion  was  intact,  and  would  have  given  full 
protection.  At  1,530  feet,  Fig.  12.2,  the  front  sheets  of  the  shelter  facing  the 
explosion  were  blown  into  the  shelter  but  otherwise  the  main  structures  were  more 
or  less  undamaged,  as  were  those  at  1,800  feet,  Fig.  12.3. 

At  2,760  feet,  Fig.  12.4,  some  of  the  sandbags  covering  the  shelters  were 
displaced  and  the  blast  walls  were  distorted  whilst  at  3,390  feet,  Fig.  12.5,  the 
effect  was  quite  small.  At  these  distances,  the  shelters  were  not  in  direct  view  of 
the  explosion  owing  to  intervening  sandhills. 
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13.  The  Penetration  of  the  Gamma  Flash 

13.1.  Experiments  on  the  Protection  from  the  Gamma  Flash  afforded  by  Slit 
Trenches 

13.1.1.  The  experiments  described  in  this  section  show  that  slit  trenches 
provide  a  considerable  measure  of  protection  from  the  gamma  flash.  From  the 
point  of  view  of  Service  and  Civil  Defence  authorities  this  is  one  of  the  most 
important  results  of  the  trial. 

13.1.2.  Rectangular  slit  trenches  6  ft.  by  2  ft.  in  plan  and  6  ft.  deep  were 
placed  at  733,  943  and  1,300  yards  from  the  bomb  and  circular  fox  holes  2  ft.  in 
radius  and  6  ft.  deep  were  placed  at  943  and  1,300  yards. 

The  doses  received  from  the  flash  were  measured  with  film  badges  and  quartz- 
fibre  dosimeters  in  order  to  determine  the  variation  of  protection  with  distance, 
with  depth  and  with  orientation  of  the  trench  and  the  relative  protection  afforded 
by  open  and  covered  trenches. 

In  general,  the  slit  trenches  were  placed  broadside-on  to  the  target  vessel 
but  at  1,300  yards  one  trench  was  placed  end-on.  Two  trenches,  one  at  733  and 
one  at  943  yards  were  covered  with  the  equivalent  of  1 1  inches  of  sand. 


Table  13.1 


Variation  of  Gamma  Flash  Dose  on  Vertical  Axis  of  Trench 


Type  of  trench 

Rectangular 
broadside-on 
open 

Rectan- 
gular 

end-on 
open 

Circular  open 

Rectangular 
broadside-on 
covered 

Distance  (yards)  ... 

1,300 

943 

733 

1,300 

1,300 

943 

943 

733 

Surface  dose 

(Roentgens) 

300 

3,000 

14,000 

300 

300 

3,000 

3,000 

14,000 

Depth  below  ground 
level  (inches) 
6 
12 

24          •  *  • 

36 

48 

60 

72 

150 

75 

33-3 
23 
(20) 

1,000 
430 
150 
70 
43 

(37-5) 

584 
216 
100 
61 

(46-7) 

230 
150 

60 

31-6 

20 

13-6 

(8-6) 

214 
120 

54-5 

30 

17-7 

10-7 
7 

1,200 
545 
188 
86 

48-5 
(33-3) 

(75) 
47-6 
•  25 
13 
7-7 

(3-5) 

(140) 
(56) 

(31) 
(23) 

— 

Entries  in  brackets  are  extrapolations  or  estimates. 


Trench  air  raid  shelter  in  Kent  hop  field  15  Aug  1940 


Exercise  Desert  Rock  VI  (Nevada,  1955),  6  ft  trench  at  4,000  yds  from  GZ 


Source:  Glasstone,  Effects  of  Nuclear  Weapons,  1957 
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SO,  LIKE  BERT  VOL)  TO  AVOID 

THE  THINGS  FLYING  THROUGH  THE  /AIR... 


...AND  TO  KEEP  FROM  GETTING 

CUT  OR  EVEN  BADLY  BURNED. 


HIROSHIMA 

John  Hersey 
New  Yorker  of  31  August,  1946 

I 

A   NOISELESS  FLASH 

At  exactly  fifteen  minutes  past  eight  in  the  morning, 
on  August  6th,  1945,  Japanese  time,  at  the  moment 
when  the  atomic  bomb  flashed  above  Hiroshima, 

Dr.  Terufumi  Sasaki,  a  young  member  of  the 
surgical  staff  of  the  city's  large,  modern  Red  Cross 
Hospital,  walked  along  one  of  the  hospital  corridors 

He  was  one  step  beyond  an  open  window 
when  the  light  of  the  bomb  was  reflected,  like  a  gigantic 
photographic  flash,  in  the  corridor.  He  ducked  down 
on  one  knee  and  said  to  himself,  as  only  a  Japanese 
would,  "  Sasaki,  gambare  !  Be  brave  !"  Just  then 
(the  building  was  1,650  yards  from  the  centre),  the 
blast  ripped  through  the  hospital.  The  glasses  he  was 
wearing  flew  off  his  face ;  the  bottle  of  blood  crashed 
against  one  wall ;  his  Japanese  slippers  zipped  out  from 
under  his  feet— but  otherwise,  thanks  to  where  he 
stood,  he  was  untouched. 

Dr.  Sasaki  shouted  the  name  of  the  chief  surgeon 
and  rushed  around  to  the  man's  office  and  found  him 
terribly  cut  by  glass. 

Starting  east  and  west 
from  the  actual  centre,  the  scientists,  in  early  September, 
made  new  measurements,  and  the  highest  radiation 
they  found  this  time  was  3.9  times  the  natural  "  leak." 


AIR  WAR  AND  EMOTIONAL 


STRESS 

Psychological  Studies 
of 

Bombing  and  Civilian  Defense 

Irving  L.  Janis 

The  RAND  Corporation 

1951 

EMOTIONAL  IMPACT  OF  THE  A-BOMB  13 
Time  from  flash  to  blast  =  4  sec  at  1  mile: 
A  substantial  proportion  of  the  respondents  in  Hiroshima  and 
Nagasaki  reported  having  reacted  immediately  to  the  intense  flash 
alone,  as  though  it  were  a  well-known  danger  signal,  despite  the 
fact  that  they  were  unaware  of  its  significance  at  the  time.  A  num- 
ber of  them  said  that  they  voluntarily  ducked  down  or  "hit  the 
ground"  as  soon  as  the  flash  occurred  and  had  already  reached  the 
prone  position  before  the  blast  swept  over  them. 

14  REACTIONS  AT  HIROSHIMA  AND  NAGASAKI 

From  the  above  discussion,  it  is  apparent  that  some  of  the  sur- 
vivors immediately  perceived  the  flash  as  a  danger  signal.  It  also 
appears  that  for  those  who  were  not  located  near  the  center  there 
was  an  opportunity  to  take  protective  action  that  could  reduce 
injuries  from  the  secondary  heat  wave  and  from  flying  glass,  fall- 
ing debris,  and  other  blast  effects.  It  is  noteworthy  that  some 
survivors  evidently  failed  to  make  use  of  this  opportunity,  as  is  to 
be  expected  when  there  has  been  no  prior  preparation  for  it. 

In  a  later  chapter  on  the  problems  of  civil  defense,  we  shall  have 
occasion  to  take  account  of  these  findings,  since  they  suggest  that 
casualties  in  an  A-bomb  attack  might  be  reduced  if  the  population 
has  been  well  prepared  in  advance  to  react  appropriately  to  the 
flash  of  the  explosion. 


AD  Al  05824  DNA5593T 

GLASS  FRAGMENT  HAZARD  FROM  WINDOWS 
BROKEN  BY  AIRBLAST 

E.  Royce  Fletcher 

Flying  glass  injured  to  3.2  km  in  Hiroshima,  3.8  km  in  Nagasaki. 
3.2  mm  thick  window  glass  fragments  striking  walls  2.1m  behind 
the  windows  in  nuclear  and  high  explosive  tests  gave: 

10  fragments /m2  for  6.3  kPa  (0.9  psi)  overpressure 
100  f ragmen ts/m2  for  29  kPa  (4.2  psi)  overpressure 
1,000  f ragmen ts/m2  for  65  kPa  (9.4  psi)  overpressure 


Figure  10 
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DUCK  AND  COVER 


Window  Wall  (2.1m  behind  window) 


Measured  distribution 


density  -  exp( -0.09374  a 


o  6.7  mm  thick  glass 
o  0.2-0.3  mm  thick  glass 


degrees 
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Angle  below  lower  edge  of  window,  degrees 


AECU-3350 

UNITED    STATES    ATOMIC    ENERGY  COMMISSION 


BIOLOGICAL  EFFECTS  OF  BLAST  FROM 
BOMBS.  GLASS  FRAGMENTS  AS  PENETRATING 
MISSILES  AND  SOME  OF  THE  BIOLOGICAL 
IMPLICATIONS  OF  GLASS  FRAGMENTED  BY 
ATOMIC  EXPLOSIONS 

By 

L  Gerald  Bowen 
Donald  R.  Richmond 
Mead  B.  Wetherbe 
Clayton  S.  White 


Table  5,  1    Statistical  Parameters  and  Predicted  Penetration  Data 

for  Missiles  from  Traps  at  Various  Ranges  from  Ground 
Zero 

30  kt  TEAPOT -APPLE  2  nuclear  test,  1955 


Distance  from  Ground  Zero,  ft 
Maximum  overpressure,  psi 
Number  ot  traps 
Total  number  of  glass  missiles 
Geometric  mean  missiles  mass,  gms 
Standard  geometric  deviation  in  mass 
Geometric  mean  missile  velocity,  ft/sec 
Standard  geometric  deviation  in  velocity 
Per  cent  of  total  missiles  expected 

to  penetrate 
A  verage  number  of  missiles  per  sq  ft 
Missiles  per  sq  ft  expected  to  penetrate 


4,700 

5,500 

10,  500 

5.0 

3.8 

1.9 

6 

2 

5 

2129 

320 

37 

0.  133 

0.  580 

1.25 

3.  01 

3.  47 

3.  35 

170 

168 

103 

1.27 

1.25 

1.25 

3.9*  12.8* 

100.9  45.5 
3.  9*        5.  3* 


0.  4* 

2.  1 
0. 006* 


♦  Computed  from  individual  evaluation  of  each  missile 


The  Effects  of  Nuclear  Weapons  (1 964) 

GLASS 

Peak        Median         Median  Maximum 

overpressure     velocity            mass  number  per 

(psi)         (ft/sec)          (grams)  sqft 

1.9        108          1.45  4.3 

5. 0        170          0.  13  388 
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1,000 


Peak 


0  1,000  2,000 

DISTANCE  FROM  GROUND  ZERO  (FEET) 

overpressures  on  the  ground  for  1-kiloton  burst 


GLASS  PENETRATING  ABDOMINAL  CAVITY 

Probability  of  penetration  (percent) 


Mass  of  glass 
fragments 
(grams) 

0.  1 

1.  0 


60 


99 


Impact  velocity  (ft/ sec) 

235  410  730 

140  245  430 


Kill 

flip 


7  kt  Checkmate  burst,  147  km  altitude 
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dip  angle  (from  the  horizontal)  of  70*  A  Nominal  Set  of 


B0  «  0.56  Gauss  High- Altitude 

EMP  Environments 


Figure  41.  Contour  plot  of  the  peak  value  of  the  azlauthal 
electric  field  E#.  Numbers  on  the  contours 
are  In  units  of  10  Y/«.   The  outer  circle  1s  the 
horizon  at  2200  km  ground  range* 


EMP  Theoretical  Note  364  (1994),  by  K.-D.  Leuthauser 


HOB  =  115  km,  Yy=  10  kt 
Max  Epk  =  67  kV/m 
at  y0  =  -174  km. 


0.4  x  Max  Epk  =  27  kV/m 
^HORIZON 


Geomagnetic  lattitude  60 
Magnitude  of  earth  magnetic  field  B0 
Dip  angle  % 


Area  coverage  versus  burst  altitude 
(EMP  Theoretical  Note  365, 1995, 
by  K.-D.  Leuthauser) 
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Did  High-Altitude  EMP  Cause  the  Hawaiian 

Streetlight  Incident? 


Charles  N.  Vittitoe 
Electromagnetic  Applications  Division 
Sandia  National  Laboratories 
Albuquerque,  NM  87185 


EMP  created  by  the  Starfish  burst 


6000 


/ 


View  along  Alco,  southeast*  toward  Ferdinand 


o  -  LAMP 

WIRE  SEPARATION  143  INCHES  (EXAGGERATED  ON  SKETCH) 


e^=t  6.6  A/6.6  A 

ISOLATION  TRANSFORMER 

Figure  2.  Ferdinand  Street  series  lighting  system  in  1962 


200  m 


"The  street  lights  on  Ferdinand  Street  in  Manoa 
and  Kawainui  Street  in  Kailua  went  out  at  the  instant 
the  bomb  went  off,  according  to  several  persons  who 
called  police  last  night,"  as  reported  on  July  9, 1962,  in 
the  Honolulu  Advertiser,  a  local  paper.  The  article 
was  reprinted  in  the  Tuesday,  February  21,  1984, 
edition  that  celebrated  the  15th  anniversary  of 
Hawaiian  statehood. 


The  Saturday,  July  28,  1962,  edition  of  the 
Honolulu  Star- Bulletin  included  an  article  by  Robert 
Scott  (of  their  staff  and  also  a  professor  at  the 
University  of  Hawaii)  that  reviewed  "What  Happened 
on  the  Night  of  July  8?"  He  reported  that  a  City- 
County  streetlight  department  official  in  Honolulu 
attributed  blown  circuit  fuses  in  nine  areas  to  energy 
from  the  bomb. 


In  the  April  8,  1967,  issue  of  the  Star-Bulletin, 
Cornelius  Downes  described  the  fuses  that  failed, 
causing  about  300  City  streetlights  to  go  out. 


Some  30  strings  of  streetlights  failed,  about 
1%  of  the  lights  existing  at  the  time.  The  failure  of 
30  strings  was  well  beyond  any  expectations  for  severe 
storms  (where  —4  failures  were  typical). 


Time  (arbitrary  units) 

"A"  is  the  calculated  field,  and  in  "B"  the  effects  of  the  measurement  system's  distortions 
are  included.  "C"  is  the  actual  measured  EMP.  (From  Daniel  F.  Higgins  and  Conrad  L. 
Longmire,  "Input  to  the  EMP  Interaction  Handbook",  MRC-R-345,  September  1977.) 


[km]'1 


STARFISH  MHD-EMP  at  Johnston  Island  (shielded  by  the 
patch  of  air  under  the  burst  which  is  ionized  by  X-rays) 


1  MINUTE 


20 


STARFISH  MHD-EMP  at  Hawaii,  1500  km  away,  on  a 
line-of-sight  which  is  not  shielded  by  X-ray  patch 


10- 
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DISASTER  AND  RECOVERY: 
A  HISTORICAL  SURVEY 


Jaok  Hirshleifer 

MEMORANDUM 

RM-3079-PR  AD  403337 

1963 


WlllD. 


SANTA  MONICA  •  CAUFOftNIA 

-12- 

As  at  Hamburg,  people  proved 
tougher  than  structures.    Almost  70  per  cent  of  the  buildings  in 
Hiroshima  were  destroyed,  compared  with  around  30  per  cent  of  pop- 
ulation.1 


The  Research  Department  of  the  Hiroshima  Municipal  Office 
is  reported  to  have  estimated  the  population  in  the  city  as  407,000, 
in  Hiroshima  (Hiroshima  Publishing  Company,  1949). 

1These  proportions  are  the  estimates  used  by  the  U.S.  Strategic 
Bombing  Survey  report.    The  Hiroshima  Municipal  Office  calculations 
show  an  even  greater  disparity,  reporting  22  per  cent  of  population 
killed  and  missing  but  some  89  per  cent  of  buildings  as  destroyed  or 
needing  reconstruction  (Hiroshima) . 


-13- 

On  August  7  power  was  generally  restored  to 

surviving  areas,  and  through  railroad  service  commenced  on  August  8. 

Telephone  service  started  on  August  15 •   Hiroshima  was  also  not  a 

dead  city.    The  U.S.  Strategic  Bombing  Survey  reported  that  plants 

responsible  for  three- fourths  of  the  city's  industrial  production 

could  have  resumed  normal  operations  within  30  days  (the  newer  and 

larger  plants  In  Hiroshima  were  on  the  outskirts  of  the  city,  and 

both  physical  premises  and  personnel  generally  survived)*1  By 

mid- 1949  the  population  had  grown  to  over  300,000  once  more,  and 

2 

70  per  cent  of  the  destroyed  buildings  had  been  reconstructed. 


USSBS,  "The  Effects  of  Atomic  Bombs  at  Hiroshima  and  Nagasaki," 

p.  8. 


BOMB  INC  ATTACKS  ON  GERMANY  rau  T1n1i.-p»„wtf«.,.,wi„ 

Killed    tjOo.OOU 

Wounded    780,000 


Source:  U.S.  Strategic  Bombing  Survey,  'The  Effects  of  Strategic  Bombing 


on  German  Morale,  Volume  1",  May  1947. 


CONVENTIONAL  KILOTONS/MONTH  DROPPED  IN  WWII  BY  ALLIES 


IN  WWII,  2,697,473  TONS 
OF  BOMBS  WERE  DROPPED 
BY  THE  USAAF  AND  RAF 
IN  OCCUPIED  EUROPE 


200 


50.3%  FELL  ON  GERMANY 


100 


SOURCE:  USSBS,  OVERALL  REPORT 
(EUROPEAN  WAR),  Charts  1  &  4 
30  September  1 945 
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IMPACT  OF  AIR  ATTACK  IN  WORLD  WAR  II: 
SELECTED  DATA  FOR  CIVIL  DEFENSE  PLANNING 
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DAMAGE  CRITERIA  FOR  SHALLOW  BURIED  OR  EARTH  COVERED 

SURFACE  STRUCTURES 


Damage 

Peak  over- 

Type of  structure 

class 

pressure 

Nature  of  damage 

(psi) 

Light,  corrugated  steel  arch, 

A 

35-40 

Complete  collapse. 

surface    structure  (10-gage 

B 

30-35 

Collapse  of  portion  of  arch 

corrugated  steel  with  a  span 

facing  blast. 

of  20  to  25  feet)  with  3  feet 

C 

20-25 

Deformation  of  end  walls 

of   earth   cover   over  the 

and  arch,  possible  en- 

crown. 

trance  door  damage. 

SOURCE:  DR  SAMUEL  GLASSTONE, 
THE  EFFECTS  OF  NUCLEAR  WEAPONS, 

D 

10-15 

Possible  damage  to  venti- 

lation system  and  en- 

U.S. DEPARTMENT  OF  DEFENSE,  1957 

trance  door. 
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OFFICE   OF  THE  CHIEF   SCIENTIFIC  ADVISER 


A  COMPARISON  BETWEEN  THE 
NUMBER  OF  PEOPLE  KILLED  PER  TONNE  0?  BCMBS 
r  WORLD  WAR  I  AND  WORLD  WAR  II 


For  World  War  II  the  average  bomb  weight  was  between  150  -  200  kg, 
(R.C.  268,  Table  6),  whereas  for  World  War  I  the  majority  of  bombs  were 
12  or  50  kg. 

TABLE  5 

Relative  safeties  in  World  War  II  deduced  from 
population  and  casualty  distribution 


In  the 
open 

Under 
cover 

In 

Population  exposure 
Location  people  killed 
Relative  safety 

RELATIVE  DANGER! 

% 
\% 
72$ 

62? 

10# 

(1 )  A  house  about  3£  times  as  safe  as  in  the  open. 

(2)  A  shelter  about  twice  as  safe  as  a  house. 


Table  6  also  shows  the  location  of  killed  which  is  implied  by  each 
of  the  possible  population  exposures.     The  only  evidence  available  on 
this  point  is  that,  for  the  day  raid  on  June  13th,  191 6,  in  which  the  total 
number  killed  was  59,  69»5#  of  the  Pe°p3-e  killed  in  the  Pity  were  in  the 
open. 


15  Sept  1940:  Anderson  shelter  occupants 
survived  air  raid,  Ransome  Way,  Liverpool 


Anderson  shelter  occupants  survive  air  raid  destruction  at  Purfleet 


17  June  1944:  Anderson  shelter  absorbs  blast  from  VI 
at  Elsenham  Rd,  East  End,  London 


j  Family  survive  without  injury  in  wrecked  Anderson  shelter  (note  earth  blown  off) 
during  London  Blitz  in  1940.  Damage  to  the  shelter  absorbed  the  blast  energy. 


7  July  1944:  Anderson  shelter  occupants  survive  at  Tennyson  Ave,  Plashet  Grove 


Covering  the  Shelter  with  Earth.  The  Shelter  Complete  with  Earth  Cover. 


Anderson  shelter  survives  hit:  Norwich  27  April  1942 


EARTH  ARCHING  USED  TO 
STRENGTHEN  SHELTERS 


ORNL-5037 


Mound  height  = 
v  half  trench  width 


A  familiar  example  of  effective  earth  arching  is 
its  use  with  sheet  metal  culverts  under  roads.  The 
arching  in  a  few  feet  of  earth  over  a  thin-walled 
culvert  prevents  it  from  being  crushed  by  the  weight 
of  heavy  vehicles. 
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CLIP  FIXING  IjOR 
REMOVABLE  | 
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SHEET  FIXING 
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Washer 


Bolt; 


Back,  side  sheets.  galvanised  corrugated 

f  STEEL  SHELTER 

Back,  centre  bottom  sheet. 

angle  section. 

•Back,  centre  top  sheet  (Removable  sheet) 
rved  sheets  of  centre  arch, 
jrved  sheets  of  back  arch. 
Curved  sheets  of  front  arch. 
Front,centre  top  sheet. 

.     /Front  angle  section. 
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Front,  centre  bottom  sheet. 


Rat-tailed  handle 
for  use  as  a  tommy  bar. 
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Anderson  shelter  survives,  Croydon,  October  1 940 


And  They  Came  Out 
of  It  Alive . . . 

The  edge  of  this  bomb  crater, 
30ft.  deep,  In  a  household 
garden  near  London,  U  only 
4ft.  from  the  Anderson  shelter. 
But  the  two  people  in  the 
shelter  during  London9!  six 
hour  raid— Mrs.  Clark  and 
Miss  Clark—were  unhurt.  You 
see  Miss  Clark  in  the  picture 
the  damage  to  the 
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Anderson  shelter  beside  crater  (August  1940) 


June  1941 


SHELTER  at  home 


AT  ISSUED  BY  THE  MINISTRY  OF  HOME  SECURITY 
OGL     AND  PUBLISHED  BY  H.M.  STATIONERY  OFFICE 


Introduction 


Not  everyone  wants  to  leave  home  for  shelter.  Some  people  can't.  Lots 
of  people  just  prefer  to  remain  in  their  own  house  anyway.  This  inclination 
is  a  natural  one.  It  is  a  sound  instinct  too,  if  some  protection  can  be  found 
against  the  collapse  of  walls  and  ceilings. 

Shelter  indoors  allows  you  to  sleep  at  night  in  reasonable  security  and  in 
the  warmth  and  comfort  of  your  house.  It  also  provides  handy  cover  should 
there  be  a  sudden  raid  in  the  day  time. 

A  direct  hit  cannot  be  guarded  against  in  any  form  of  home  shelter,  but 
the  risk  of  such  a  direct  hit  is  very  small  compared  with  that  of  a  bomb 
bursting  near  enough  to  damage  the  house  or  to  demolish  it.  Protection  can 
be  obtained  in  a  house  even  if  a  bomb  demolishes  most  of  it. 

The  walls,  floors  and  roof  of  an  ordinary  house  give  quite  a  lot  of  protection 
against  splinters  and  blast  from  a  bomb.  The  idea  of  an  indoor  shelter  is  to 
make  use  of  this  protection  and  to  add  safeguards  against  the  other  effects 
of  bombs. 

The  chief  of  these  is  the  danger  of  the  house  falling  down.  People  have 
often  been  rescued  unhurt  from  the  ruins  of  demolished  houses  because  they 
had  taken  shelter  under  staircases,  or  tables,  that  had  by  chance  been  strong 
enough  to  protect  them  from  the  falling  ruins  of  the  house.  The  chief  purpose 
of  the  indoor  shelters  described  in  this  pamphlet  is  to  protect  the  occupants 
against  injury  when  the  bedroom  floor,  the  roof  and  other  debris  fall  on  them. 

They  do  not  provide  such  easy  emergency  escape  as  a  garden  shelter,  but 
if  you  are  trapped  they  protect  you  from  the  debris  till  the  Rescue  Party 
releases  you.  Very  often,  however,  though  the  house  has  fallen  you  will  be 
able  to  release  yourself  and  walk  out. 

The  indoor  shelters  with  which  this  pamphlet  deals  are  unsuitable  for 
houses  with  more  than  two  storeys  above  the  shelter  room.  They  are  intended 
chiefly  for  use  in  ordinary  two-storey  houses,  but  have  a  margin  of  strength 
that  will  take  the  weight  of  an  extra  storey. 
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ILLUSTRATION  NO.  8, 

The  house  in  the  upper  photograph  had  a  Government  steel 
table  shelter  in  a  downstairs  room  and  was  blown  up  to 
reproduce  the  effect  of  a  heavy  bomb  falling  near.  The 
whole  house  collapsed,  burying  the  shelter  under  debris. 
In  the  lower  photo  the  shelter  can  be  seen  still  intact.  It 
would  have  been  possible  for  anyone  in  the  shelter  to  get  out 
unaided. 


Top  of  beams  in  contact  with 
ceiling  or  a  lew  inches  below 


4*  x  f  *  Braces  nailed 
lo  beams,  ties  and  posts 
with  not  less  than 
3  J*  wire  nails 


/  Hoop  iron  straps 
screwed  to  beams 
and  posts 

(alternative  to  dogs) 


iocr  joists 


A.  Posts  taken1 
down  through 
to  concrete  an< 
nailed  to  tloor  joists 


Dog  or  hoop  iron  strap 
screwed  to  post  and  sill 


ILLUSTRATION  NO.  11.  Independent  timber  framewor*  lor  a  refuge 
room.    If  the  pos*s  are  more  than  6  ft.  6  in.  apart,  8  in.  x  4  in.  beams 

are  desirable. 


A  home-made  shelter 


You  will  have  noticed  earlier  in  this  booklet  the  statement  that  people 
have  often  been  rescued  from  demolished  houses  because  they  had  taken 
shelter  under  an  ordinary  table.  This  was  because  the  table  had  by  dunce 
been  strong  enough  to  bear  the  weight  of  the  falling  bedroom  floor.  A  timber 
framework  can  be  built  inside  a  refuge  room  to  do  the  same  thing,  but  with 
certainty,   illustration  no.  ii  shows  a  completed  framework 
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Structural  Defense,  1945,  by  D.  G.  Christopher son,  Ministry  of 

Home  Security,  RC  450,  (1946) j  Chapters  VIII  and  IX  (Confidential).  National  Archives 

Chapter  VIII  summarizes  the  literature  on  the  design  and  HO  195/16 
types  of  British  shelters  and  analyzes  their  effectiveness. 
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(THIS  DOCUMENT  IS  THE  PROPERTY  OF  HI8  BRITANNIC  MAJESTY* 3  GOVERNMENT ) . 


6.  Shelter  In  the  homo;    The  Anderson  shelter  was  originally 
intended  for  indoor  uso  but  for  a  number  of  reasons  Including  the 
danger  of  fire  an  outdoor  variant  was  adopted*      Experience  has 
shown  that  the  objections  to  the  indoor  use  of  the  Anderson 

or  somewhat  similar  shelter  are  not  so  serious  as  was  thought 
and  two  designs  have  been  produced  whioh  can  be  erected  indoors 
without  support.      Those  new  types,  although  they  may  give  slightlj 
less  protection  than  a  well  covered  Anderson  shelter  out  of  doors, 
would  fill  the  needs  of  a  largo  section  of  the  public ,  especially 
the  middle  class*      One  design  allows  the  use  of  the  shelter  as 
part  of  the  furniture  of  the  room* 

7.  I  regard  sheltors  of  this  typo  as  of  the  first  importance  and 
wish  to  provide  them  on  a  big  scale*-     Each  shelter  will  use  over 
3  owt.  of  steel  and  will  allow  at  a  pinch  two  adults  and  one  to 
two  children  to  sleep  inside*      For  an  outlay  of  about  65,000  tons 
of  ateel,  as  a  first  instalment*  I  could  therefore  produce 
400,000  shelters  with  accommodation  for  at  least  1,000,000 
persons*      I  should  wish  to  complete  such  a  programme  within  the 
first  three  months  of  production  and  thereafter  at  a  similar  or 
increasing  rate.      From  enquirios  I  believe  that  manufacture  can 
bo  arranged  provided  steel  is  suppliod  and  if  the  Cabinet  approves 
my  policy  I  shall  require  their  dirootion  that  the  steel  he 

made  available* 

10*  Conclusions. 

I  ask  for  a  general  endorsement  of  the  policy  I  have 
outlined  in  this  paper  and  in  particular  for  the  agreement  of 
my  colleagues: 


(i)    that  proposals  for  building  shelters  of  massive 
construction  should  be  rejected; 

(ii)    that  steel  should  be  made  available  to  carry  out 
the  programme  outlined  in  paragraph  7  for  the 
provision  of  stool  shelters  indoors; 

(ill)      that  the  limit  of  income  for  the  provision  of 
free  shelter  for  insured  persons  should  be 
raised  from  £250  to  £350  por  annum* 


,.P.(Q)(41)7. 
January  15th.  1941* 
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WAR  CABINET. 
AfR  RATT*  ftflftLTER  POLICY. 
Memorandum  by  the  Minister  cf  Home  Security* 


H.M. 


MINISTRY  OF  HOME  SECURITY. 
January  15th.  1941* 


November  1940  design  by  C.  A.  Joy,  M.  Inst.  Me.  &  C.  E., 
Bexley  Borough  Engineer  (UK  National  Archives:  HO  205/257) 


ANDERSON  SHELTER 

(Indoors  to  avoid  groundwater 
flooding,  damp  and  cold) 

4.5"  partition 
wall 


9"  wall 


Floor  boards 
and  joists 


4"  x  2" 


4.5"  sleeper 
wall 


6"  site  concrete 


MORRISON  SHELTER 
(indoor  table  shelter) 


4"  x  2"  floor  joists 


Table  shelters  allowed  escape  from  any 
side  easily,  reducing  fire  risks 


Patent  specification  by  Prof.  John  Fleetwood  Baker, 
Ministry  of  Home  Security  (National  Archives  HO  356/10) 


ILLUSTRATION  NO.  8. 

The  house  in  the  upper  photograph  had  a  Government  steel 
table  shelter  in  a  downstairs  room  and  was  blown  up  to 
reproduce  the  effect  of  a  heavy  bomb  falling  near.  The 
whole  house  collapsed,  burying  the  shelter  under  debris. 
In  the  lower  photo  the  shelter  can  be  seen  still  intact.  It 
would  have  been  possible  for  anyone  in  the  shelter  to  get  out 
unaided. 
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Morrison  shelter  saves  lives  of  Mr  McGregor  pictured 
beside  Morrison  shelter,  as  well  as  his  wife  and  lodger,  in 
collapsed  house,  York  1942  air  raid 


In  12  months,  1940-1,  the  Blitz  stray  dog  Rip  (discovered  by 
civil  defence  rescuers  in  Poplar,  East  London  after  an  air 
raid)  sniffed  out  100  trapped  casualties  in  London  rubble. 


Irma.  Margaret  Griffin  used  Irma  and  Psyche  to  find  233  trapped  persons 
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CHAPTER  XI.    USE  OF  HEAVY  MECHANICAL 
PLANT  IN  RESCUE,  DEMOLITION  AND 
CLEARANCE  OPERATIONS 


In  the  last  war  it  was  found  that  at  major  incidents  the  use  of  heavy 
mechanical  plant  was  frequently  necessary  in  support  of  rescue  opera- 
tions. Such  equipment  was  used  to  help  in  the  quick  removal  of  debris ; 
to  lift  heavy  blocks  of  brickwork  or  masonry  ;  to  take  the  weight  of 
collapsed  floors  and  girders  so  that  voids  could  be  explored  and 
casualties  extricated  ;  to  haul  off  twisted  steelwork  and  other  debris 
and  to  break  up  sections  of  reinforced  concrete. 

In  future  all  these  tasks  may  be  required  and  heavy  clearance  may 
have  to  be  effected  to  enable  rescue  and  other  Civil  Defence  vehicles 


8  March  1 945  Fjg  2o  1  ton  of  TNT  equivalent 


Using  heavy  mechanical  plant  at  the  Smithfield  Market  V.2  incident. 
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to  approach  within  measurable  distance  of  their  tasks.  The  problem 
of  debris  will  in  fact  be  a  major  factor  in  Civil  Defence  operations. 

Heavy  mechanical  plant  may  be  required  for  the  following  purposes  : 

(a)  To  assist  in  the  removal  of  persons  injured  or  trapped.  At 
this  stage  mainly  heavy  plant  is  needed,  particularly  mobile 
cranes  with  sufficient  length  of  boom  or  jib  to  reach  for  long 
distances  over  the  wreckage  of  buildings. 

(b)  To  force  a  passage  for  Civil  Defence  vehicles  and  fire  appliances 
to  enable  them  to  reach  areas  where  major  rescue  and  other 
problems  exist  and  require  urgent  operational  action. 

(c)  To  take  certain  safety  measures — e.g.,  to  pull  down  unsafe 
structures. 

(d)  To  clear  streets  and  pavements  to  help  restore  communications 
and  to  afford  access  for  the  repair  of  damaged  mains  and  pipes 
beneath  the  streets. 

(e)  For  the  final  clearance  of  debris  and  the,  tidying  of  sites. 
This  is  a  long  term  and  not  an  operational  requirement. 

Urgent  Rescue  Operations 

During  rescue  operations  in  London  in  the  last  war  the  machines 
used  with  great  success  included  heavy  3J-5  ton  mobile  cranes,  mounted 
on  road  wheels,  with  a  30-40  ft.  jib  ;  medium  heavy  2-3  \  ton  mobile 
cranes,  mounted  on  road  wheels,  with  a  26  ft.  jib  ;  heavy  crawler 
tractor  bulldozers  ;  medium  crawler  tractor  bulldozers  ;  mechanical 
shovels  and  compressors,  three  stage,  mounted  on  road  wheels. 

In  the  case  of  a  large  or  multiple  incident  where  access  was  obstructed 
by  considerable  quantities  of  scattered  debris,  a  bulldozer  or  tractor 
was  first  employed  in  order  to  clear  one  or  more  approaches  by  which 
other  equipment  and  personnel  could  reach  the  scene  of  operations. 

Next,  all  debris  of  manhandling  size  was  loaded  into  one-yard  skips 
and  discharged  by  the  crane  into  lorries,  giving  increased  manoeuvring 
space  to  the  Services  operating  on  the  site. 

Heavy  mobile  cranes  were  then  brought  up  to  the  incident  where, 
used  under  the  skilled  direction  of  the  rescue  party  Leader,  they  were 
invaluable  for  removing  girders  and  large  blocks  of  masonry  which 
obstructed  access  to  casualties  or  persons  trapped.  The  necessary 
chains  and  wire  ropes  for  these  operations  formed  part  of  the  standard 
equipment  of  the  heavy  and  medium-heavy  mobile  cranes. 

The  work  was,  of  course,  carried  out  in  close  co-operation  with  the 
Rescue  Parties  who  also  used  various  forms  of  light  mechanical  equip- 
ment, such  as  jacks  and  ratchet  lifting  tackle  for  work  in  confined  spaces. 

Compressors  sometimes  proved  valuable  for  breaking  up  large 
masonry  such  as  fallen  walls,  into  sections  of  a  size  and  weight  within 
the  handling  and  lifting  capacity  of  the  cranes.  This  method  was  only 
used  when  it  was  known  that  there  were  no  casualties  under  the 
masonry. 
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The  probable  fire  situation  in  a  British  city 

35  Japanese  houses  are  constructed  of  wood  and  once  they  were  set  on 
tire  they  continued  to  burn  even  when  knocked  over.  In  this  country 
only  about  10  per  cent,  of  all  the  material  in  the  average  house  is 
combustible,  and  under  conditions  of  complete  collapse,  where  air 
would  be  almost  entirely  excluded,  it  is  doubtful  whether  a  fire  could 
continue  on  any  vigorous  scale. 

40  It  seems  unlikely  from  the  evidence  available  that  an  initial  density 
of  fires  equivalent  to  one  in  every  other  building  would  be  started  by  a 
nuclear  explosion  over  a  British  city.  Studies  have  shown  that  a  much 
smaller  proportion  of  buildings  than  this  would  be  exposed  to  thermal 
radiation  and  even  then  it  is  not  certain  that  continuing  fires  would 
develop.  Curtains  may  catch  fire,  but  it  does  not  necessarily  follow  that 
they  will  set  light  to  the  room;  in  the  last  war  it  was  found  that  only 
one  incendiary  bomb  out  of  every  six  that  hit  buildings  started  a 
continuing  fire. 

From  a  10  megaton  bomb,  with  its  longer  lasting  thermal 
radiation  (see  paragraph  21),  it  takes  about  20  calories  per  square 
centimetre  to  start  fires  because  so  much  of  the  heat  (spread  out  over 
the  longer  emission)  is  wasted  by  conduction  into  the  interior  of  the 
combustible  material  and  by  convection  and  re-radiation  whilst  the 
temperature  of  the  surface  is  being  raised  to  the  ignition  point.  But 
the  distance  at  which  20  calories  per  square  centimetre  can  be  produced 
is  only  11  miles,  so  that  the  scaling  factor  for  a  10  megaton  airburst 
bomb  is  therefore  11  and  not  22. 

43  For  a  ground  burst  bomb,  however,  several  other  factors  contribute 
to  a  further  reduction  in  the  fire  range.  Apart  from  an  actual  loss  of 
heat  by  absorption  into  the  ground  and  from  the  pronounced  shielding 
effect  of  buildings,  the  debris  from  the  crater  tends  to  reduce  the 

jadiating  temperature  or  trie  fireball  ana  a  greater  proportion  of  the 
energy  is  consequently  radiated  in  the  infra  red  region  of  the  spectrum" 

r— this  proportion  being  more  easily  absorbed  by  the  atmosphere. 

44  An  important  point  in  relation  to  personal  protection  against  the 
effects  of  hydrogen  bomb  explosions  is  that  because  the  thermaT 
radiation  lasts  so  long  there  is  more  time  for  people  who  may  be 
caught  in  the  open,  ana  who  may  be  well  beyond  the  range  of  serious 
ganger  trom  blast,  to  rush  to  cover  and  so  escape  some  part  of  the 
exposure.  For  example,  people  in  the  open  might  receive  second 
degree  burns  (blistering)  on  exposed  skin  at  a  range  of  16  miles  from  a 
iu  megaton  ground  burst  bomb  (8X2— see  paragraph  24).  If. 
however,  they  could  take  cover  m  a  few  seconds  they  would  escape 
this  damage.  Moreover,  at  this  range  the  blast  wave  would  not  arrive 
tor  another  minute  and  a  half  so  mat  any  effects  due  to  the  blast  in 
the  open  (e.g.  flying  glass,  etc.)  could  be  completely  avoided. 


A  mended  Reprint 
June,  1940 
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Fig.  i — Typical 
Kilo  Magnesium 
Incendiary  Bomb. 


JSafefypin 
-Fuse, 
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Fig.  2— Typical  Kilo 
Magnesium  Incendiary  Bomb. 
Sectional  Drawing. 


Kilo  Magnesium  Incendiary  Bomb  15  Seconds  After  Ignition. 


45  Seconds 


Fire  Controlled  by  Water 


Clothing  on  fire. 

Never  allow  a  person  whose  clothes  are  on  fire  to 
remain  standing  for  a  moment.  Fatalities  nearly  always 
arise  from  shock  of  burning  about  the  face  and  head. 
If  the  person  starts  to  run,  trip  him  up  at  once.  Roll 
him  on  the  floor  or  in  a  coat  or  blanket  if  you  have  one 
handy.  If  your  own  clothes  catch  fire,  clap  your  hand 
over  your  mouth,  and  lie  down  and  roll. 


FIRE-BOMBS  rained  on  London  They  did  not  all  fall  on  roads 


THE  LUFTWAFFE  SOUGHT  A  KNOCK-OUT  BLOW.  The  first  impact  of  the  attack 
fell  on  the  docks.  The  great  day  raid  of  7th  September,  1940,  which  was  continued  through- 
out the  night  and  renewed  on  many  nights  after,  left  miles  of  fires  blazing  along  either 
bank   of  the  Thames.     This   is  St.    Katherine's   Dock   on   the   night  of   nth  September. 
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—German  Incendiary  Bomb  with  Explosive  Nose 


THE  UNITED  STATES 
STRATEGIC  BOMBING  SURVEY 

The  Effects 
of 

Air  Attack 

ON 

Japanese  Urban  Economy 

SUMMARY  REPORT 


Urban  Areas  Division 
March  1947 


Table  5. — Damage  to  urban  areas 


Total  built-up  area  

.  square  miles 

'411 

Target  area   

 do 

'192 

Area  destroyed   

 do 

lf178 

Total  population   

21,928,000 

Bombs  dropped  (74  percent  incendiary) 

tons 

121,458 

Buildings  destroyed   

2,094,374 

Persons  killed   

252,769 

Persons  injured   

298,650 

Persons  rendered  homeless 

8,324,000 

Planned  evacuations  

2,100,000 

1  Operational  summary,  Twentieth 

Airforce.    Refers  only  to  66  cities 

which  were  targets  of  planned  urban  area  missions. 
3  45  percent  total  built-up  area  for  66  cities. 

The  cities  of  Japan,  like  those  in  Germany,  presented  a  spectacle  of 
enormous  destruction.  Although  the  over-all  total  damage  was  somewhat 
greater  in  Germany  than  in  Japan  the  extent  of  destruction  was  compar- 
able. Only  160,800  tons  of  bombs  were  dropped  on  Japan's  home  islands  as 
compared  with  1,360,000  tons  dropped  within  Germany's  own  borders. 
One  hundred  and  four  thousand  tons  of  bombs  were  dropped  on  66  Jap- 
anese cities  as  compared  with  542,554  tons  of  bombs  that  were  dropped  on 
61  German  cities. 

As  in  Germany,  the  air  attacks  against  Japanese  cities  were  not  the 
cause  of  the  enemy's  defeat.  The  defeat  of  Japan  was  assured  before  the 
urban  attacks  were  launched.  But  this  defeat,  before  it  could  be  trans- 
lated into  the  terms  of  surrender,  might  have  required  a  costly  invasion  of 
the  home  islands  had  not  the  effect  of  the  air  attacks,  both  precision  and 
urban,  on  Japan's  industries  and  people  exerted  sufficient  pressure  to  bring 
about  unconditional  surrender  on  15  August.  The  city  raids  contributed 
substantially  to  that  pressure  by  their  impact  on  the  social  and  economic 
structure  of  Japan. 

The  insufficiency  of  Japan's  war  economy  was  the  underlying  cause 
of  her  defeat.  Before  the  air  attacks  against  the  cities  began,  war  produc- 
tion had  been  steadily  declining  because  of  the  ever-increasing  shortages 
of  raw  materials,  skilled  labor,  and  an  ill  conceived  dispersal  program 
which  was  initiated  too  late.  The  Survey  estimated  that,  even  without  air 
attacks,  over-all  production,  by  August  1945,  would  not  have  exceeded  60 
percent  and  might  have  been  as  low  as  50  percent  of  the  1944  peak.  v 


THE  UNITED  STATES 
STRATEGIC  BOMBING  SURVEY 


Final  Report 
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Allied  Subjects  in 

JAPAN 


Civilian  Defense  Division 
Dates  of  Survey: 
1  October  1945—1  December  1945 
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EXHIBIT  A-3. 
Total  tons  of  bombs  dropped  on  Japan  by 
U.  S.  Army  Air  Forces — By  months 

AIR  FORCE 


Data 


1944 


June. 
July. 
Aug. 
Sept. 
Oct. 
Nov. 
Deo. 


1946 


Jan  

Feb  

Mar  

Apr  

May  

June..  

July   

Aug.  (15 days). 

Totals.  . 


28 
183 
5 
159 
766 
002 


1.261 
1.884 
12 . 788 
16.150 
25.065 
27.497 
43 . 422 
23.687 

153.887 


Incendiary 


55 


68 
298 
495 


435 
929 
10,023 
3.967 
18.699 
18.172 
31 .670 
13.655 

98 . 466 
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Abridged       S0ME  principles  of  protection  against  burns 

FROM  FLAME  AND  INCENDIARY  AGENTS 


Janice  A.  Mendelson,  M.  D. ,  M.  M.  Sc.,  (LTC,  MC,  U.  S.  Army) 

Chief,  Biomedical  Department 
Biophysics  Laboratory 
Edgewood  Arsenal,  Maryland 

Flame  agents  are  special  blends  of  petroleum  products,  usually  in 
thickened  form,  that  ignite  easily  and  can  be  projected  to  a  target. 
Methods  for  the  throwing  of  flame  were  devised  by  the  Greeks  in  429  B.C. 
(Siege  of  Plataea)  when  destructive  flammable  mixtures  of  pitch  and  sul- 
fur were  used. 

Ml  (Napalm).    Ml  thickener  is  a  coprecipitated  aluminum 
soap.    The  name  was  derived  from  the  naphthenic  and  palmitic 
acids  that  were  its  major  constituents. 

Napalm  B,  used  by  the  Air  Force,  is  intended  as  a  replace- 
ment for  the  M2  thickener.    It  is  not  true  napalm,  being  com- 
posed of  polystyrene,  gasoline,  and  benzene.    It  is  not 
a  gel,  but  is  a  sticky,  visco-elastic  liquid.    It  has  a  longer 
burning  time  than  the  Ml,  M2,  and  M4  thickened  fuels,  and, 
therefore,  possibly  better  incendiary  action. 

Unlike  the  Ml,  M2,  and  M4  thickeners,  which  can  be  quite 
easily  brushed  off  the  skin,  the  Napalm  B  is  sticky  and  the 
polystyrene  itself  burns,  its  burning  time  being  longer  than 
that  of  the  petroleum  products.    Therefore,  this  does  have  the 
required  characteristics  to  produce  more  severe  burns  than 
unthickened  fuel. 

Troops  are  instructed  to  remain  covered  with  no  skin  exposed  until  after 
the  flash  and  flame  in  the  high  heat  zone  have  been  dissipated  and  then 
throw  off  the  cover  and  remove  any  burning  particles  from  their  clothing. 
Blankets  or  items  such  as  an  army  field  jacket  have  been  shown  to  give 
real  protection.    Two  thicknesses  of  the  Army  shelter  half  tent  will  hold 
burning  fuel  for  more  than  10  seconds.    Tent  canvas  and  truck  tarpaulins 
which  have  been  treated  with  fire-resistant  material  will  withstand 
direct  hits  with  burning  fuel  and  will  hold  the  burning  particles  for 
sufficient  time  (more  than  30  seconds)  to  permit  personnel  to  escape. 
Foxhole  covers  improvised  of  brush  with  as  little  as  2  inches  of  earth 
on  top  will  successfully  withstand  burning  fuel.    The  Army  plastic  poncho 
is  not  a  satisfactory  cover  because  it  melts  rapidly  and  burns  when  hit 
with  flaming  fuel.    This  would  increase  the  severity  of  burns  received  by 
an  individual.    Foxholes  and  weapon  positions  can  be  modified  to  afford 
adequate  protection  for  anything  except  a  direct  hit  with  a  fire  bomb. 


Metal  incendiaries  include  those  consisting  of  magnesium  in 
various  forms,  and  powdered  or  granular  aluminum  mixed  with 
powdered  iron  oxide.    Magnesium  is  a  soft  metal  which,  when 
raised  to  its  ignition  temperature  (623°  =  1,150°F),  burns  vig- 
orously in  air.    Magnesium  has  a  burning  temperature  of  about 
1,982°C  (3,600°F)  depending  upon  the  rate  of  heat  dissipation, 
rate  of  burning,  and  other  factors.    Its  melting  point  is  651°C, 
so  it  melts  as  it  burns.    The  liquid  metal,  burning  as  it  flows, 
drops  to  lower  levels,  igniting  combustible  materials  in  its 
path.    Burning  stops  if  oxygen  is  prevented  from  reaching  the 
metal  or  if  the  metal  is  cooled  below  the  ignition  temperature. 
Magnesium  does  not  have  the  highest  heat  of  combustion  of  the 
metals,  but  none  of  the  other  metals  have  been  successfully 
used  singly  as  air-combustible  incendiaries.    In  massive  form, 
magnesium  is  difficult  to  ignite.    Therefore,  a  hollow  core 
in  the  bomb  is  packed  with  thermate  and  an  easily  ignited  mix- 
ture which  supplies  its  own  oxygen  and  burns  at  a  very  high 
temperature.* 

a.    Thermite  incendiaries.1     Thermite  is  essentially  a 
mixture  of  about  73  per  cent  powdered  ferric  oxide 
(Fe2<)3)  and  27  per  cent  powdered  or  granular  aluminum. 
The  aluminum  has  a  higher  affinity  for  oxygen  than  iron 
has,  and  if  a  mixture  of  iron  oxide  and  aluminum  powder 
is  raised  to  the  combustion  temperature  of  aluminum,  an 
intense  reaction  occurs:    Fe203+2AL-* AL203+Fe  +  heat. 
Under  favorable  conditions,  the  thermite  reaction  pro- 
duces temperatures  of  about  2,200°C  (3,922°F).    This  is 
high  enough  to  turn  the  newly  formed  metallic  iron  into  a 
white  hot  liquid  which  acts  as  a  heat  reservoir  to  prolong 
and  to  spread  the  heat  or  igniting  action. 

Defense  against  incendiaries,  as  outlined  in  a  U.S.  Army  publication 
is  summarized  as  follows:    Incendiary  bomb  clusters  may  contain  a  per- 
centage of  high  explosive  incendiary  bombs  so  precautions  should  include 
this  possibility.    A  brick  wall  offers  adequate  protection  against  small 
explosive  incendiary  bombs.    Incendiary  bombs  can  be  scooped  up  with 
shovels  and  thrown  into  a  place  where  no  damage  will  be  done.  Sandbags 
and  sandmats  can  smother  bombs  and  reduce  effects  of  fragmentation. 
Loose  sand  helps  to  smother  fires  started  by  the  bomb. 

Prompt  defensive  and  corrective  action  makes  a  very  great  difference 
in  the  severity  of  injuries  resulting  from  any  of  these  agents. 

1.   ,  "Military  Chemistry  and  Chemical  Agents."  Dept.  of  the  Army 

Tech.  Man.,  TM  3-215,  Dept.  of  the  Air  Force  Manual  355-7,  Depts.  of 
The  Army  and  Air  Force,  1963. 
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DEVASTATION  OF  HYDRO Q-EN  WEAPON 
Island  Obliterated  in  U.S.  Teat 

Chicago .  February  17 

The  chairman  of  the  Joint  Congressional  Atomic  Energy 
Committee,  Mr*  Sterling  Cole,  hinted  to-day  that  the 
United  States  might  have  hydrogen  weapons  even  more  potent 
than  the  experimental  one  which  tore  a  crater  a  mile  wide 
and  175  feet  deep  in  the  floor  of  the  Pacific  Ocean  in 
1952o 

He  said  that  the  United  States  had  "in  being"  an 
entire  family  of  atomic  weapons,  some  of  them  25  times  more 
powerful  than  the  bomb  that  destroyed  Hiroshima  in  1945» 

Mr*  Cole  gave  details  of  the  1952  experiment  in  a 
speech  at  a  commercial  lunch  here.      He  said: 

"The  thermo-nuclear  test  of  1952  completely  obliterated 
the  test  island  in  the  Eniwetok  Atoll.      It  tore  a  cavity 
in  the  floor  of  the  ocean  -  a  crater  measuring  a  full  mile 
in  diameter  and  175  feet  in  depth  at  its  lowest  point. 
Within  this  crater,  one  could  place  140  structures  the 
size  of  our  nation's  Capitol. 

If  it  occurred  in  a  modern  city,  I  am  told  that  the 
heat  and  blast  generated  in  the  1952  hydrogen  test  would 
cause  absolute  destruction  over  an  area  extending  three 
miles  in  all  directions  from  the  point  where  the  hydrogen 
device  exploded. 

This  is  an  area  of  complete  devastation  -  using  the 
word  1  complete*  in  its  most  precise  meaning  -  six  miles  in 
diameter.      The  area  of  3evere-to -moderate  damage  would 
stretch  in  all  directions  to  seven  miles  from  ground  zero. 

Finally,  the  area  of  light  damage  would  reach  to  ten 
miles  from  the  point  of  detonation.      In  other  words,  an 
area  covering  300  square  miles  would  be  blanketed  by  this 
hydrogen  explosion." 

Because  of  what  he  called  "the  appalling  meaning  of 
the  hydrogen  bomb."     Mr.  Cole  said  that  "it  is  not  enough 
to  notify  an  enemy  that  the  attempted  destruction  of  our 
own  cities  would  be  automatically  answered  by  the  destruction 
of  his." 

"Atom-Rattling" 

Mr.  Cole  said  that  security  prevented  him  from 
commenting  on  where  "our  hydrogen  weapons  programme  now 
stands  and  from  outlining  the  directions  in  which  it  is 
now  moving,  but  I  can  assure  you  that  it  is  moving."  He 
felt  that  "it  is  more  sinful  to  conceal  the  power  of  the 
atom  than  to  reveal  it." 


10  megatons  Mike  (1952)  won't  fit  in  MIRV  warheads! 


c 

o 

a 

& 

u 

I. 

1 


S3 


O 

<u 

CO 

14 

01 

I 

«f  CO 

<:  ° 

bo  — ~ 


e 

o  - 

c 
o 


3 


3 


o  s  y 

^  >» 
» •** 

3  5 
>»  > 

'•2  T3 

(.si 

o.  B  i2 


S 
I 

IS 


o  A 

S  * 

(14 


0> 


o  c 
to  w 


o 

CO 


fi 


6  S  3  8 


W 

o 

O 


fi  to 
M 

V)  4> 

1  E 
OS 


•  •  •  Q 

CO  «-■  M 

O  H  tJ 

to  to  o- 

H  H  ,2 

.  -  PS 


w  S  2  Si 

«t  to  to  52 

tJ  ^  5 
P 


o 

i 


E 
H 


* 


W>  CO  »0   *f   N  N 

o  o  o  o  o  o 


t- 
m 


CO 


to 

C4 

to 

• 

IO 

tN 

* 

CM 

CM 

o 

CD 


00 

* 

o 

CO 

co 

• 

• 

o 

IO 

IO 

in 

o  t  <o  ^  o  © 
t-~  to  IO  IO  iO  M« 

r-l  tH    iH    c-t  rH 


o 


•a 

o 

to 
u 

to 

3 
> 


CD 

M 

CD 

o> 

<n 

O 

n 

C7 

CO 

*r 

rH 

*H 

rH 

o 

o 

o 

o 

o 

*r  *r  m  m 


2 

to 

• 


■H 
CM 


IO 

o  o  o  co  to  to  l> 
cn  to  en  e>  cm  co  to 

W   ^  N   H  H 


■a  5 


to  O  CO  to  o 

co  co  h  if  h  n  o> 

»    •    •  •  t  •  • 

CO  GO  IO  CMj  O  CO  to 

N    H   H  H  H 


co 

CM 

r» 

CM 

II 


O  O  iO  to  cn 


o 


to 


CM  ©  i>  t»  en  cn  e'- 
en to  co  cm  cm  -««  co 
**  to  to  t*  co  cn  o 


CO 

O 

CO 

© 

CM 

s 

U> 

to 

* 

CM 

§ 

CM 

4 

CM 

8 

3 

o 

rH 

o 

CM 

m 

o 

• 

O 

• 

o 

CO 

• 

rH 

CO 

CM 

00 

l-l 

to 


■H 
if 

■ 

O 

rH 
11 

•o 

V 

u 


E 

* 

E 

c 

a 

? 

c 

a 

E 
o 

u 

V 


5 

3  2 
1!  7 


s 

o 

rH 

e 

o 
u 

Ji 

■o 


CM 

o 
u 

9 

c 
o 
T3 

B 


ho^3 

*5  ^ 

5  W 
— <  to 

iO  r-t 

s » 

c? 

6  5 

U  T3 

2  a 

§  S 

u  O 

w  W 
|  5 

•  U 


3 


O 


ss 
o 

■w 
t. 
O 

WD 

* 

3 

« 

a, 

e 

a. 

S 

s 


e 
s 


o 
Q 


■- 

V 

Z 


o 
£ 


Cole  Hints 
H-Bomb  More 
Destructive 

CHICAGO,  Feb,  17  ffl— A  con- 
gressional atomic  authority  hinted 
today  that  the  United  States  may 
have  Increased  the  destructive 
potential  attained  in  its  first  full 
scale  hydrogen  explosion  and  is 
working;  toward  development  of  a 
versatile  Une  tf  hydrogen  weapons, 

Rep,  Scerling  Cole  (R-NY) 
revealed  officially  lor  the  first 
time  that  the  1952  thermonuclear 
test  in  the  Marshall  Islands  com 
pletely  obliterated  the  test  island 
in  the  Eniwetok  Atoll  and  gashed 
a  crater  in  the  ocean  floor  a  full 
mile  in  diameter  and  175  feet  deep 
at  its  lowest  point. 

He  said  the  explosion  crater  was 
large  enough  to  hold  140  structures 
the  size  of  the  nation's  capitol. 

Cole  said  Russia  soon  will  have 
the  capacity  to  hit  the  United 
States  with  a  crippling  hydrogen 
and  atomic  blow.  But,  he  added, 
if  is  "entirely  within  our  capacity" 
to  produce  "tens  of  thousands"  of 
atomic  anti-aircraft  defensive  mis- 
siles as  "a  barrier  of  atomic  fire- 
power/* 

Cole,  chairman  of  the  Senate- 
House  Atomic  Energy  Committee, 
said  the  1952  American  hydrogen 
blast,  If  exploded  over  a  modern 
city,  would  have: 

Blanketed  an  area  covering  300 
square  miles. 

Created  an  area  of  complete 
devastation  six  miles  in  diameter 

Spread  moderate  to  severe  dam- 
age seven  miles  in  all  directions. 

Resulted  In  damage  as  far  as 
10  miles  from  the  point  of  ex- 
plosion. 
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GLOVERSV1LLE  AND  JOHNSTOWN,  N.  Y.,  WEDNESDAY,  FEBRUARY  17,  1954 


Rep.  Cole  Hints  America 
Possesses  Super  H-Bomb 


Claims  It  'Sinful' 
To  Conceal  Power 
Of  Nuclear  Pro  ject 

Much  Progress  Made  Since  1952  Blast 
Which  Obliterated  Test  Island  at 
Eniwetok,  Tore  Mile-Wide  Ocean  Hole 

CHICAGO  (AP) — A  congressional  atomic  specialist  hinted 
today  the  United  States  may  have  hydrogen  weapon*  even  more 
potent  than  a  device  that  nearly  1 8  months  ago  tore  a  hole  a 
mile  wide  and  175  feet  deep  in  the  floor  of  the  Pacific  Ocean. 

Rep.  W,  Sterling  Cole  (R-NY),  chairman  of  the  Senate- 
House  Atomic  Energy  Committee,  gave  details  never  before 
discussed  publicly  of  a  1952  thermonuclear  test  in  the  Marshall 
Islands  President  Eisenhower  has  termed  that  test  a  first  step  in 
the  nation  s  hydrogen  program. 
Cole  said  In  a  speech  prepared O- 


Cut  In  Supports 
Could  Hike  Milk 
Consumer  Costs 

Dairy  Economist 
Fears  1 .5  Cent 
Boost  Per  Quart 

SYRACUSE  <F      The  forthconv 


foi  a  Joint  luncheon  of  the  38th 
annual  National  Sand  and  Gravel 
A&sn,  convention  and  the  Z4th  an- 
nuaL  National  Ready  Mixed  Con- 
crete Assn.  convention ! 
Uii>ed  Out  Island 

"That  thermonuclear  test  of  1952 
completely  oaliteratrd  the  test  is- 
land  In  the  Eniwetok  Atoll 

•It  tore  a  cavity  in  the  floor  of 
the  ocean   a  crater  mtusurinjj  a 
full  mile  In  diameter  and  175  feet  , 
in  depth   at  it*  lowest  point 

'  Within  ,  .  .  this  crater,  one  could 
place  140  struct  urea  the  sile  of  our 

nations  capitoi/' 

If  this  fciast  had  been  touched  •  ^  cut  jn  federal  pticc  supports 
nff  in  a  modern  city,  Cole  said,  0n  butter,  cheese  and  dried  milk 
the  resultant  heat  and  blast  would  I  could  result  in  a  l1— cent,  per- 
have  completely  devastated  an  quart  boost  in  the  retail  price  of 
area  three  miles  in  all  directions  |  fluid  milk  m  New  York  State,  a 
from  the  point  of  explosion,  |  dairy  economist  says. 

Much  Deatruction  John  C  York,  economist  for  the 

In  alt.  he  said,  the  1952  blast  Eastern  Milk  Producers  Coopers- 
would  have  blanketed  an  area  of   tive  Assn.,  reasons  thU  wayi 
300  square  miles  When  price  supports  at  75  per 

But  this  test  was  held  almost  a  ,  cent  of  parity  become  effective 
vear  and  a  half  ago.  Cole  said,  and  April  1,  each  dairy  farmer  in  the 
Vre-  added:  1  state   probably  will  get   25  to  30 

-Security  keeps  me  from  com-  j  cents  less  per  hundredweight 
tacntlng  0n  where  our  hydrogen  I  'about  17  quarts*  for  the  milk  he 
weapons  program  now  stands,  and  ,  sends  to  market, 
from  outlining  the  direction*  in  If  farmers  were  to  get  back  on 
which  it  Iji  now  moving.  But  I  |  raiik  sold  for  bottling  the  money 
can  assure  you  that  it  is  moving."  ,  lost  on  milk  sold  for  butterfat  and 

Cole  said  he  feels  "it  is  more  manufacturing,  consumers  eventu- 


Ike  Requests 
A-Sharing 
With  Allies 

Would  Cover  Data 

1*  or  o3.ol£nclcl* 

Peacetime  Uses 

WASHINGTON  iff*  —  President 
Eisenhower  asked  Congress  today 
for  authority  to  sharp  limited  in- 
formation on  battlefield  use  of 
atomic  weapons  with  friendly  na- 
tions. 

In  a  special  message,  the  Presi- 
dent also  asked  for  the  right  to 
5  hare  peacetime  atomic  power  pro- 
duction information  with  this  coun- 
try's allies  and  to  give  American 
private  Industry  a  greater  share  in 
the  development  of  nuclear  power. 

Eisenhower  said  these  Steps 
would  have  the  effect  of  "strength- 
ening the  defense  and  the  economy 
of  the  United  States  and  of  the 
Free  World/* 

The  President  said  the  onward 
rush  of  atomic  developments  has 
outmoded  the  1946  Atomic  Energy 
Act  which  mistakenly  assumed  the 
United  States  could  maintain  a 
monopoly  in  atomic  weapons  for  an 
appreciable  time, 
Wide  Variety 

Counterbalancing  the  loss  of 
monopoly,  he  said,  is  the  develop- 
ment of  a  wide  variety  of  atomic 
weapons  which  have  "achieved 
conventional  status"  in  the  armed 
forces. 

He  said  with  emphasis,  however, 
that  changes  should  "make  it  clear 
that  the  authority  granted  must  be 
exercised  only  in  accordance  with 
conditions  prescribed  by  the  Presi- 
dent to  protect  the  common  de- 
tense  and  security/'  And  he  stress- 
ed that  no  secrets  are  to  be  given 
away  which  would  be  of  military 
advantage  to  potential  enemies. 
Cannot  Help  Out 

Under  present  law,  the  President 
said,  this  country  cannot  give  it* 
allies  "practical  information  essen- 
tial to  their  effective  participation 
with  us  in  combined  military  oper- 
ations and  planning,  and  to  their 
own  defense  against  atomic  at- 
tack." 


Castle  Bravo,  15  megatons,  was  also  too  big  and  heavy  for  a 
MIRV  missile  warhead,  like  the  Minuteman  or  Trident!  CND 
were  fed  lies  by  the  "Moscow  World  Peace  Council"  (USSR). 


Bravo  15  Mt  bomb  arriving  at  Namu  Island  on  20  Feb.  1954 


Figure  3«1 

Bravo        shot  1  WT-905 


0ISTANCC  FROM  GROUND  ZERO  (K  FT.) 


SOURCE:  Figure  3  -  Size  Comparison  of  U.S.  Nuclear  Warheads 
over  Time,  Lawrence  Livermore  National  Laboratory  9/15/1998. 


Trident  II  missile  test,  U.S.  Department  of  Defense  photo 
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7.  Yield:  The  Confetti  Argument 

Agnew  felt  that  the  yield  of  the  W68  was  too  low  to  be  really  effective.  In  addition,  in  terms 
of  the  overall  total  yield  available  from  all  the  W68  warheads,  the  W68  design  was  very  costly  in 
terms  of  the  amount  of  required  special  nuclear  materials. 

In  an  April  1972  TWX  to  Assistant  Director  for  Safety  and  Liaison  (Division  of  Military 
Application)  Colonel  Robert  T.  Duff,  Agnew  reported  that  he  was  worried  about  maintaining  the 
U.S.  nuclear  deterrent  Agnew  noted,  "It  occurs  to  me  that  as  we  go  to  lower  and  lower  yields  in 
our  strategic  missile  warheads  and  the  Soviet  Union  builds  up  a  better  and  better  rivij  dafepsg 
position,  the  reality  of  this  deterrent  may  become  questionable, 

mm 

If  the  Soviet  leadership  believes 
TffiCEhen  our  strategic  deterrcfirmirhavrio^         deaTof  its  force.  If  our  MIRV  trend 
continues  we'll  be  threatening  to  throw  confetti  at  a  potential  aggressor.  Confetti  has  high 
penetration  and  survivability  but  little  deterrent  power."281 

In  a  letter  dated  October  10,  1972,  to  Giller.  at  that  time  Assistant  General  Manager  for 
National  Security,  Agnew  again  noted  several  reasons  why  low  yield  warheads  might  not  be  the 
best  solution  for  maximizing  the  deterrence  capability  of  the  stockpile.  He  reported  that 
considering  the  number  of  required  submarines  and  the  low  efficiency  in  their  use  of  special 
nuclear  material,  the  low-yield  warheads  weie  not  very  cost  effective.  Moreover,  Agnew  pointed 
out  that  for  the  Hiroshima  device,  the  effects  on  Hiroshima  in  terms  of  loss  of  substantial 
buildings  and  the  people  in  them  "wasn't  all  that  impressive."  In  terms  of  loss  of  life,  the  USSR 
had  lost  more  than  ten  million  people  in  WWIL  Although  the  Soviets  had  an  extensive  civil- 
defense  network  in  place,  even  if  that  did  not  work  to  reduce  loss  of  civilian  lives,  the  Soviets 
might  not  mind  losing  a  few  people,  Agnew  wrote,  " Again,  to  me,  to  continue  to  increase 
warhead  numbers  at  the  cost  of  a  decrease  in  yield  per  warhead  could  eventually  lead  to  no 
deterrence  in  the  minds  of  those  we  hope  to  deter."  Agnew  stated,  "I  feel  very  strongly  that  we 
should  endeavor  to  convince  the  DoD  that  what  they  should  have  on  the  next  round  is  a  mix  of 
yields. 

(b)(3) 

8.  Capability 

Agnew  in  his  August  10, 1972,  letter  to  Camm  pointed  out  that  the  Los  Alamos  group  had 
been  developing  suitable  technology  applicable  to  the  new  strategic  missile  warheads.  He  wrote, 
"In  summary  then,  we  have  been  working  very  hard  to  provide  the  very  latest  technology  in 
warhead  designs  incorporating  the  most  advanced  minimum  weight  hardening  techniques  to 
provide  an  optimum  warhead  for  the  next  round  of  strategic  missile  warheads,  In  fact,  our  work 
has  been  of  such  outstanding  quality  that  we  have  been  invited  by  Admiral  Levering  Smith  to 


ft  M.  Agnew,  University  of  California,  Los  Alamos  Scientific  Laboratory,  Los  Alamos,  to 
BY3/Colonel  Robert  T.  Duff,  US  AF,  Assistant  Director  for  Safety  and  liaison,  Division  of  Military 
Replication  USAEC,  Wash.,  D.C.  (SRD)  (April  14, 1972),  pp.  1-U1 1,  Drawer  56,  Folder  1  of  4^. 
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3,    Reservoir  Designs  to  Provide  Minimum  Helium  in  the  Boost  Gas 

In  a  March  1969  memo,  primary  designer  R.  Canada  outlined  the  problems  that  were  the 
result  ofthe  formation  of  3He  from  the  decay  of  ttV  rritjnm  uyri  in  the  primary's  boost  gas. 

<b«3) 

The  yielcTot  a  boosted  primary  isaegraded  as  lAUuiii  is  uiuveriul 
to  "He  both  by  the  loss  oTtne^ource  of  14-MeV  neutrons  and  also  by  the  decrease  of  the  pre- 
boost  multiplication  rate  caused  by  the  high  cross-section  for  neutron  capture  which  is 
characteristic  of  3He."  He  went  on  to  add,  "In  a  conventional  boosted  single-stage  device  the 
tritium  produced  by  3He  appears  too  late  in  the  bomb's  explosion  to  contribute  to  tiie  yield,  and 
the  temperature  does  not  flet  high  enough  to  produce  significant  3He  +  D  fusion." 


<to>(3> 


291 R,  Canada  to  Distribution,  Subject:  ^He  in  Weapons,"  W-4-2518  (SRD)  (March  10, 1969),  5  pp.,  A99-0I9, 
199-13. 
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1974  CIA  report  on  emerging  USSR  superiority: 

ME  11-3/8-74  Soviet  Forces  for  Intercontinental  Conflict 


SUMMARY 


THE  USSR'S  CURRENT  STRATEGIC 
SITUATION 

1.  The  Soviets  are  pressing  ahead  with  a 
broad  range  of  programs  for  the  near-tenn 
deployment  of  much  improved  offensive  sys- 
tems for  intercontinental  conflict  In  addition 
they  are  gradually  improving  their  deployed 
strategic  defenses,  and  are  vigorously  pursuing 
the  development  of  advanced  technology  ap- 
plicable to  strategic  forces. 

—  In  offensive  forces,  they  are  focusing  on 
improving  the  accuracy,  flexibility,  and 
survivability  of  their  ICBMs  and  SLBMs 
and  on  MIRVing  their  ICBMs.  Four 
new  ICBMs,  three  with  MIRV  payloads, 
are  being  flight  tested.  A  mobile  version 
of  one  of  the  missiles  probably  is  being 
developed*  Hardened  launch  control  cen- 
ters are  being  constructed  at  missile  com- 
plexes, and  a  standby  airborne  command 
post  for  the  Strategic  Rocket  Forces  prob- 
ably now  is  operational.  New  classes  of 
nuclear-powered  ballistic  missile  subma- 
rines with  long-range  missile  systems  con- 
tinue under  construction,  and  a  new 
multipurpose  bomber  is  starting  to  be  de- 


ployed. Additional  ICBMs  and  SLBMs 
are  in  the  preflight  stages  of  research  and 
development 

—  In  defensive  forces,  the  Soviets  are  im- 
proving the  capability  of  forces  already 
deployed  and  are  developing  new  sys- 
tems. Older  fighter-interceptors  and  sur- 
face-to-air missile  systems  are  being 
phased  out  gradually  as  improved  equip- 
ment is  introduced.  Current  research  and 
development  activity  includes  programs 
for  antisubmarine  warfare,  an  antiballis- 
tic  missile  system  which  can  be  deployed 
much  more  rapidly  than  the  one  now 
operational,  an  endoatmospheric  bal- 
listic missile  interceptor,  and  the  applica- 
tion of  lasers  to  strategic  defense. 

%  These  developments  follow  a  series  of 
large-scale  deployment  programs  over  the  past 
ten  years  which  have  provided  the  Soviets 
with  a  reliable  deterrent  and  have  brought 
about  world  recognition  of  the  USSR's  status 
as  a  superpower  roughly  on  a  par  with  the 
US.  Through  these  earlier  programs,  the  USSR 
has  largely  eliminated  previous  US  quanti- 
tative advantages  in  strategic  offensive  forces. 
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Figure  1 


Historical  Trends  in  Selected  Aspects  of  Strategic  Forces 

ICBM  and  SLBM  Launchers  Defensive  Forces 

thousands  thousands        (Not  Additive) 
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THE  DIRECTOR  Of  CENTRAL  INTELLIGENCE 
WASHINGTON,  D.  C  20505 


APPROVED  FOR  RELEASE 
CIA  HISTORICAL-REVIEW  PROGRAM 


MEMORANDUM  FOR:    Recipients  of  National  Intelligence  Estimate 

11-3/8-76,  "Soviet  Forces  for  Intercontinental 
Conflict  Through  the  Mid-1980s" 

FROM  George  8ush 


1.  The  attached  National  Intel!  igence  Estimate  is  the\ 
official  appraisal  of  the  Director  of  Central  Intelligence.  This 
Estimate,  including  its  italicized  statements  of  differing  views 
by  members  of  The  National  Foreign  Intelligence  Board,  was  drafted 
and  coordinated  by  professional  intelligence  officers  of  the  US 
Intelligence  Community  and  was  approved  by  me  with  the  advice  of 
the  Board. 

2.  The  judgments  arrived  at  in  this  Estimate  were  made 
after  all  parties  to  the  Estimate  had  the  benefit  of  alternative 
views  from  the  various  elements  of  the  Community  and  from  panels 
of  experts  from  outside  government  on  a  few  selected  subjects. 

The  assembling  of  the  panels  of  outside  experts,  and  the  consider- 
ation of  their  views,  was  agreed  upon  by  me  and  the  President's 
Foreign  Intelligence  Advisory  Board  as  an  experiment,  the  purpose 
of  which  was  to  determine  whether  those  known  for  their  more 
somber  views  of  Soviet  capabilities  and  objectives  could  present 
the  evidence  in  a  sufficiently  convincing  way  to  alter  the  analytical 
judgments  that  otherwise  would  have  been  presented  in  the  attached 
document.    The  views  of  these  experts  did  have  some  effect.  But 
to  the  extent  that  this  Estimate  presents  a  starker  appreciation 
of  Soviet  strategic  capabilities  and  objectives,  it  is  but  the 
latest  in  a  series  of  estimates  that  have  done  so  as  evidence 
has  accumulated  on  the  continuing  persistence  and  vigor  of  Soviet 
programs  in  the  strategic  offensive  and  defensive  fields. 

NIE  11-3/8-76  Soviet  Forces  for  Intercontinental  Conflict 
Through  the  Mid-1980s 
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Historical  Trends  in  Selected  Aspects  of  Strategic  Forces 
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*  Excludes  IC8M  a'fo  launchers  under  construction  or  conversion  sod  SLBM  launchers  on  SSSNs 
undergoing  sea  trials,  conversion,  or  shipyard  overhaul.  Missile  payloads  composed  of  MRVs  [which  are  not 
independently  targetabte)  are  counted  as  one  RV. 
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NTE  11-3/8-80  Soviet  Capabilities  for  Strategic  Nuclear  Conflict 
Through  the  Late  1980s 
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PART  ONE — KEY  JUDGMENTS 


PREFACE 

These  Key  Judgments  consist  of  two  sections.  This  year  the  Direc- 
tor of  Central  Intelligence  has  added  his  own  key  judgments  (section  A), 
which  have  not  been  coordinated  with  the  Intelligence  Community.  He 
does  not  hold  major  disagreements  with  the  key  judgments  coordinated 
by  the  Intelligence  Community  agencies  (section  B)  or  with  the  basic 
analysis  in  the  Estimate.  He  does  not  believe,  however,  that  the  findings 
in  section  B  adequately  emphasize  those  areas  of  key  importance  to  the 
President  and  his;  principal  advisers  on  foreign  policy.  His  key  judg- 
ments, therefore,  address  what  the  basic  Estimate  tells  us  about  the 
following  four  issues  of  cardinal  importance  to  US  policy  on  strategic 
forces: 

—  How  the  strategic  capabilities  of  the  two  sides  compare. 

—  What  actions  the  Soviets  may  take  as  they  view  the  comparative 
strengths  of  the  strategic  forces. 

—  Whether  and  how  the  balance  of  strategic  forces  prompts  the 
Soviets  to  pursue  strategic  arms  control  agreements  with  the 
United  States. 

—  Whether  or  not  the  advantages  that  the  Soviets  seem  to  have  in 
ICBMs  through  1986  would  induce  or  pressure  them  to  exploit 
what  they  might  perceive  as  a  "window  of  opportunity"  before 
those  advantages  may  be  erased  toward  the  end  of  this  decade. 


A.  KEY  JUDGMENTS  OF  THE  DIRECTOR  OF  CENTRAL  INTELLIGENCE 

Soviet  Perceptions  of  the  Strategic  Environment 

1.  The  comprehensive  nature  of  Soviet  strategic  offensive  and 
defensive  programs,  the  emphasis  in  Soviet  military  doctrine  on  ca- 
pabilities to  fight  a  nuclear  war,  and  assertions  that  general  nuclear  war 
can  be  won  indicate  that  some  Soviet  leaders  hold  the  view  that  victory 
in  general  nuclear  war  is  possible.  The  Soviets  assert  that  a  general 
nuclear  war  will  probably  be  brief,  but  we  believe  that  they  have 
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Fig  lire  J 

Comparison  of  Soviet  and  US  Forces  for  Intercontinental  Attack, 
1970-80 
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FOR  EXTERNAL  PUBLICATION 


Radio  Moscow  in  Mandarin  to  China,  Nov.  3,  1978. 

"However,  the  fact  is  that  China's  digging  deep  tunnels  can  never  pro- 
tect the  Chinese  masses  from  nuclear  bombing  or  even  protect  them  from 
conventional  heavy  bombs." 

********** 

Radio  Moscow  World  Service  in  English,  Nov.  16,  1978 

"The  U.S.  Administration  is  going  to  launch  a  5-year  program  of  civil 
defense.   -  -  -  The  only  real  safety  for  the  Americans  is  strengthening 
friendship  with  the  Soviet  Union,  not  bomb  shelters." 

FOR  INTERNAL  PUBLICATION 

Moscow  Voyennyye  Znaniya  in  Russian  No.  5,  May  1978,  p.  33. 

"It  is  appropriate  to  say  that  we  still  meet  people  who  have  an  incor- 
rect Idea  about  defense  possibilities.   The  significant  Increase  in  the 
devastating  force  of  nuclear  weapons  compared  with  conventional  means  of 
attack  makes  some  people  feel  that  death  1s  inevitable  for  all  who  are 
in  the  strike  area.    However,  there  is  not  and  can  never  be  a  weapon 
from  which  there  Is  no  defense.   With  knowledge  and  the  skillful  use  of 
contemporary  procedures,  each  person  can  not  only  preserve  his  own  life 
but  can  also  actively  work  at  his  enterprise  or  institution.   The  only 
person  who  suffers  is  the  one  who  neglects  his  civil  defense  studies." 


Robert  Scheer 

with  Enough 

SHOVELS' 

Reagan,Bush 
&  Nuclear  War 

"Dig  a  hole,  cover  it  with  a  couple 
of  doors  and  then  throw  three 
feet  of  dirt  on  top...  It's  the  dirt 
that  does  it...  if  there  are 
enough  shovels  to  go  around, 
everybody's  going  to  make  it'.' 

—IK.  Jones, Deputy  Under  Secretary  of  Defense 
for  Strategic  and  Theater  Nuclear  Forces 


"President  Ronald  Reagan  had  been  in  office  less 
than  a  year  when  he  approved  a  secret  plan  for  the 
United  States  to  prevail  in  a  protracted  nuclear  war 
This  secret  plan,  outlined  in  a  so-called  National 
Security  Decision  Document,  committed  the  United 
States  for  the  first  time  to  the  idea  thut  a  global 
nuclear  wur  cun  be  won!' 

With  these  words  Robert  Scheer,  the  distin- 
guished national  reporter  for  the  Los  Angeles 
Times,  begins  this  astonishing  revelation  of  how 
a  handful  of  Cold  Wur  ideologues— led  by  the 
President  himself— have  reversed  the  longstand- 
ing American  assumption  that  nuclear  war  means 
mutual  suicide. 

Robert  Scheer's  aim  in  With  Enough  Shovels  is 
to  expose  the  deadly  course  on  which  we  are  now 
embarked,  a  course  thut  categorically  rejects  the 
strategic  assumptions  thut  prevailed  from  Presi- 
dents Eisenhower  through  Carter  and  thut  sus- 
tained the  Nixon-Kissinger  program  of  detente— a 
program  which  our  current  lenders  call  "appease- 
ment!' 


Leon  Gourg 
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SECRET  CIA  report  leaked  to  Reagan  in  1979 


integrated  city  and  rural  civil  defense  exercises.  One 
exercise  of  this  type  occurred  in  1975  at  Lytkarino,  a 
town  of  40,000  people  near  Moscow  and  a  probable 
relocation  site  for  Muscovites.  According  to  Soviet 
publications,  thousands  of  people  participated,  com- 
munication and  reconnaissance  operations  were  con- 
ducted, and  shelters  were  occupied  by  local  workers. 
Another  1975  exercise,  in  Tul'skaya  Oblast,  involved 
the  city  of  Kimovsk  in  Kimovskiy  Rayon;  this  was 
known  as  an  "integrated  rayonal  exercise."  There  may 
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As  a  part  of  our  work  program  for  this  larger  undertaking,  the  Center  has 
held  a  series  of  special  conferences  wherein  we  have  subjected  our  methodol- 
ogy and  research  findings  to  critical  review  by  outside  experts,  including  au- 
thoritative academic  and  governmental  specialists  on  Soviet  affairs  and  high- 
ranking  policy-action  officers  from  Defense,  State  and  other  agencies  directly 
concerned  with  U.S. -Soviet  relations. 

At  two  of  these  conferences,  special  attention  has  been  given  to  the  Soviet 
war-survival  problem:  One  in  June  1975  included  an  exploration  of  how  war- 
survival  capabilities  fit  into  the  Soviet  appraisal  of  the  present  and  future 
"correlation  of  world  forces."  The  second,  held  in  January  1976,  included  a 
thorough  examination  of  the  implications  for  U.S.  security  interests  and  U.S. 
policy  choices  of  what  Moscow  is  actually  doing  in  the  war-survival  area. 
 xii  

Nearly  all  of  the  experts  at  our  conference  viewed  the  reasoning  behind  the 
overkill  concept  as  "absurd."  One  cited  as  an  example  an  article  in  the  April  6, 
1975  Bulletin  of  the  Atomic  Scientists  in  which  the  author  argued  that  with  its 
present  stockpile  of  nuclear  weapons  the  U.S.  could  destroy  the  world's  popu- 
lation "twelve  times  over."  The  author's  calculation  was  arrived  at  by  multi- 
plying the  casualties  per  kiloton  in  Hiroshima  and  Nagasaki  by  the  total 
number  of  kilotons  in  the  U.S.  nuclear  arsenal  and  then  dividing  by  the  number 
of  people  living  in  the  world.  Such  a  calculation  was  characterized  as  com- 
pletely misleading.  Leaving  aside  such  questions  as  how  many  U.S.  weapons 
would  survive  a  Soviet  attack  on  this  country  and  how  many  of  the  residue 
could  be  delivered  on  target,  "it  implies  that  means  can  be  devised  to  collect 
the  entire  target  population  into  the  same  density  as  existed  in  Hiroshima  and 
Nagasaki  and  keep  them  in  a  completely  unwarned  and  hence  vulnerable  pos- 
ture. A  statement  of  identical  validity  is  that  the  world's  inventory  of  artillery 
shells,  small  arms  ammunition,  or  for  that  matter,  kitchen  knives  or  rocks  can 
kill  the  human  population  several  times  over." 

xiv 


It  was  recalled  that  more  than  10  billion  pounds  of  TNT  was  dropped  on 
Germany,  Japan  and  Italy  during  World  War  II.  This  equalled  more  than  50 
pounds  for  every  man,  woman  and  child  in  the  three  countries.  Arithmetically 
considered,  the  result  should  have  been  the  total  annihilation  of  one  and  all  of 
these.  During  the  Vietnam  War,  more  than  25  billion  pounds  of  TNT  were 
dumped  on  North  and  South  Vietnam  (15  billion  by  air  and  some  10  billion  by 
other  means)  for  an  average  of  some  730  pounds  for  each  of  a  total  population 
of  34  million  and  an  average  of  3,000  pounds  for  each  person  in  prime  target 
areas;  yet  the  U.S.  was  unable  to  kill  enough  people  or  to  disrupt  economic  life, 
transportation  and  communications  sufficiently  to  even  avoid  a  humilitating 
defeat  in  the  war. 

xv 

The  basic  issue,  it  was  agreed,  is  how  Moscow  intends  to  exploit  the  situa- 
tion politically.  The  Soviet  risk  calculations  and  ability  to  use  its  military  power 
for  political  purposes  are  already  being  increasingly  influenced  by  Moscow's 
perceptions  of  asymmetries  between  the  U.S.  and  Soviet  war-survival  versus 
assured  destruction  capabilities.  According  to  Moscow's  view,  these  asymmet- 
ries are  of  great  strategic  significance  for  making  Soviet  power  credible  as  a 
deterrent  and  as  an  instrument  of  policy.  Soviet  spokesmen  have  given  clear 
indication  of  their  awareness  of  the  lack  of  a  war-survival  program  in  the  U.S. 
as  well  as  of  the  vulnerability  of  the  U.S.  arising  from  the  high  degree  of  concen- 
tration of  its  population  and  industry  in  a  few  areas  of  the  country.  It  is  inevita- 
ble, therefore,  that  the  Soviet  leadership  will  perceive  this  asymmetry  between 
the  Soviet  Union  and  the  U.S.  as  altering  the  balance  of  forces  in  Moscow's 
favor,  and  as  affecting  the  credibility  of  the  respective  strategic  deterrence  and 
war-fighting  postures  of  the  two  countries. 

In  effect,  with  its  growing  war-survival  capability,  the  Soviet  Union  could 
well  conclude  that  the  U.S.  threat  of  "massive  retaliation"  has  no  credibility 
except  as  an  act  of  sheer  desperation.  In  crisis  situations,  this  factor  could 
decisively  influence  both  sides'  risk  calculations  and  consequently  their  rela- 
tive ability  and  willingness  to  hold  a  hard  line.  The  Soviet  Union  could  confront 
the  U.S.  with  its  ability  to  keep  Soviet  population  and  resource  losses  within 
acceptable  limits,  all  the  more  so  if  it  carries  out  the  evacuation  of  its  cities,  as 
against  the  certainty  of  U.S.  losses  of  50  percent  or  more  of  its  population  and 
of  a  very  large  portion  of  its  industry.  This  would  place  the  U.S.  at  a  great 
disadvantage  in  the  management  of  the  crisis  and  in  its  negotiations  with  the 
Soviet  Union.  Instead  of  a  "balance  of  terror"  which  equally  restrains  both 
sides,  the  "terror"  would  be  mainly  on  the  part  of  the  U.S.  and,  faced  with  the 
possibility  of  national  "suicide,"  the  public  reaction  to  it  would  be  likely  to 
deprive  the  President  of  any  flexibility  in  his  policy  choices  in  dealing  with 
Moscow. 
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CHART  4— Schematic  Diagram  of  the  Relocation  of  Dispersed 
Workers  and  Evacuated  Persons  and  Plants. 
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MEMORANDUM  FOR:    The  Director  of  Central  Intelligence 


SUBJECT 


MILITARY  THOUGHT;    "Some  Factors  Affecting  the 
Planning  of  a  Modern  Offensive  Operation",  by 
Colonel-General  Ye.  Ivanov 


1.  Enclosed  is  a  verbatim  translation  of  an  article  which 
appeared  in  the  TOP  SECRET  Special  Collection  of  Articles  of  the 
Journal  "Military  Thought"  ("Voyennaya  Mysl")  published  by  the 
Ministry  of  Defense,  USSR,  and  distributed  down  to  the  level  of 
Army  Commander. 

2.  In  the  interests  of  protecting  our  source,  this  material 
should  be  handled  on  a  need-to-know  basis  within  your  office. 
Requests  for  extra  copies  of  this  report  or  for  utilization  of 
any  part  of  this  document  in  any  other  form  should  be  addressed 
to  the  originating  office. 


Following  Is  a  verbatim  translation  of  an  article  titled 
"Sense  Factors  Affecting  the  Planning  of  a  Modern  Offensive  Operation", 
written  "by  Colonel-General  Ye.  Ivanov. 

This  article  appeared  in  the  i960  Second  Issue  of  a  special 
version  of  Voyenpaya  Mysl  (Military  Thought)  which  is  classified 
TOP  SECBffiT  by  the  Soviets  and  is  issued  irregularly. 


Weakening  the  nuclear  strength  of  an  opposing  grouping  of  the 
enemy  and  depriving  him  of  his  capability  to  use  nuclear  weapons  is  one 
of  the  most  important  tasks,  whose  correct  solution  ensures  the  success 
of  the  offensive  operation  as  a  whole. 


The  mass  utilization  of  nuclear  weapons  in  short  periods  of  time 
is  the  only  way  to  achieve  decisive  destruction  of  the  fire  power  of 
an  opposing  enemy  grouping,  destruction  of  his  main  nuclear/missile 
and  aviation  means,  and  also  disruption  of  the  control  of  troops  and 
the  disorganization  of  work  of  the  rear  services. 


Richard  Helms 
Deputy  Director  (Plans) 


*    *  * 


*    ♦  * 
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HEARING  ON  CIVIL  PREPAREDNESS  AND  LIMITED 

NUCLEAR  WAR 


WEDNESDAY  APRIL  28,  1976 

U.S.  Senate  and 
U.S.  House  op  Representatives, 
Joint  Committee  on  Defense  Production, 

Washmgton,  B.C. 

The  committee  met  at  10 :05  a.m.  in  room  5302,  Dirksen  Senate  Office 
Building,  Hon.  William  Proxmire,  vice  chairman  of  the  subcommittee, 
presiding. 

Present:  Senators  William  Proxmire  and  John  Sparkman. 

Senator  Proxmire.  The  committee  will  come  to  order. 

Today's  hearing  inaugurates  a  review  by  the  Joint  Committee  on 
our  Nation's  civil  preparedness.  It  is  the  first  such  congressional  review 
in  over  two  decades. 

By  civil  preparedness,  we  mean  those  mainly  civilian  measures  by. 
which  we  seek  to  protect  the  lives  and  property  of  our  citizens. 

This  is  the  first  function  of  any  government.  A  government  which 
cannot  meet  this  fundamental  test  of  defending  its  people  and  the 
national  treasure  is  not  likely  to  survive  for  very  long. 

In  subsequent  hearings,  the  committee  will  examine  the  adequacy 
of  Federal,  State,  and  local  preparedness  programs,  including  plans 
for  fallout  shelters,  strategic  evacuation,  preparedness  exercises  and 
drills,  civil  defense  stockpiles,  and  continuity  of  government.  Like- 
wise, the  Joint  Committee  will  inquire  into  the  organization  of  the 
Government  for  preparedness.  It  will  also  review  the  Nation's  indus- 
trial and  economic  preparedness  in  terms  of  the  defense  industrial  base. 

This  is  an  especially  timely  undertaking.  Over  the  past  2  years  the 
United  States  nas  been  moving  from  a  declared  nuclear  policy  of 
mutual  assured  destruction  to  one  of  flexible  response,  or  limited 
nuclear  war. 

In  the  minds  of  some  eminent  strategists,  this  implies  a  lowering 
of  the  nuclear  weapons  threshold,  a  quickening  of  the  trigger  finger 
on  the  missile  launch  console,  and  an  increased  probability  of  un- 
controlled nuclear  conflict. 

But  to  other  equally  qualified  experts,  this  shift  in  strategic  doc- 
trine, this  shift  to  larger  numbers  of  more  flexible,  or  more  versatile 
and  accurate  weapons  and  control  systems  does  not  undermine  deter- 
rence of  nuclear  war;  instead,  it  enhances  deterrence. 

Well,  it  cant  be  both  ways  and  whenever  you  have  such  a  complete 
divergence  in  expert  opinion,  it  is  time  for  a  careful  review  of  the  facts. 

(l) 
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These  hearings  are  also  timely  in  that  there  are  increasing  rumors 
of  a  civil  defense  gap,  with  the  Soviet  Union  well  in  the  lead. 

In  this  year's  annual  report,  Defense  Secretary  Rumsfeld  stated 
that,  and  I  quote: 

An  asymmetry  has  developed  over  the  years  that  bears  directly  on  onr  stra- 
tegic relationship  with  the  Soviets  and  on  the  credibility  of  onr  deterrent  postnre. 
For  a  number  of  years,  the  Soviets  have  devoted  considerable  resources  to  their 
civil  defense  effort  which  emphasizes  the  extensive  evacuation  of  urban  popu- 
lations prior  to  the  outbreak  of  hostilities,  the  construction  of  shelters  in  out- 
lying areas,  and  compulsory  training  in  civil  defense  for  well  over  half  the 
Soviet  population.  The  importance  the  Soviets  attach  to  this  program  at  present 
is  indicated  not  only  by  the  resources  they  have  been  willing  to  incur  in  Its 
support,  but  also  by  the  appointment  of  a  deputy  minister  of  defense  to  head 
this  effort 

Now,  the  term  "asymmetry"  used  by  the  Secretary  sounds  to  a  non- 
expert like  me  like  a  four-bit  word  for  "gap."  We  have  heard  a  great 
deal  over  the  years  about  gaps  that  never  materialized  or  proved 
unimportant.  Yet  we  have  spent  a  lot  of  money  to  eliminate  the  non- 
existent or  the  insignificant.  It  is  for  tliis  reason  that  the  committee 
last  week  published  the  declassified  text  of  the  1957  Gaither  Report 
which  invented  the  first  missile  gap. 
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STATEMENT  OF  HON.  PAUL  NITZE,  FORMER  SECRETARY  OF  THE 
NAVY,  DEPUTY  SECRETARY  OF  DEFENSE,  AND  MEMBER  OF  THE 
SALT  DELEGATION 

Mr.  Nitze.  Mr.  Chairman,  my  interest  in  the  questions  which  this 
committee  is  discussing  began  in  1944  when  I  was  asked  to  be  a  direc- 
tor of  the  U.S.  Strategic  Bombing  Survey.  The  required  qualification 
of  the  directors  was  that  they  have  no  prior  knowledge  of  military 
strategy  or  of  air  power,  and  could  thus  be  presumed  to  be  unbiased 
in  appraising  the  effects  of  the  immense  U.S.  strategic  air  effort  in 
World  War  II.  I  spent  the  next  2  years  in  Europe  and  then  in  the 
Pacific  in  intensive  work,  in  association  with  what  I  believe  to  have 
been  the  best  talent  available  to  this  country,  to  try  to  understand 
something  about  both  subjects.  In  the  Pacific  portion  of  the  survey, 
as  Vice  Chairman,  I  was  in  effective  command  of  the  operation,  includ- 
ing the  detailed  study  of  the  effects  of  the  weapons  used  at  Hiroshima 
and  Nagasaki. 

Since  that  time  much  has  changed.  Weapons  have  increased  in  yield 
and  missiles  now  have  an  intercontinental  range.  But  these  changes 

are  hardly  as  revolutionary  as  the  changes  brought  about  by  the  role 
of  effective  air  power  in  World  War  II  and  of  the  introduction  of 
nuclear  weapons  in  its  closing  phase.  After  all,  the  largest  number 
of  our  nuclear  reentry  vehicles  today  are  Poseidon  warheads,  each  of 
which  has  an  equivalent  megatonnage  less  than  twice  that  of  the 
weapons  used  at  Hiroshima  ana  Nagasaki. 

At  Hiroshima  and  Nagasaki  there  was  no  air-raid  warning  and 
very  few  people  availed  themselves  of  the  crude  civil  defense  racili- 
ties  which  were  available.  Most  of  those  that  did,  even  at  ground  zero, 
in  other  words,  directlv  under  the  explosion,  which  was  at  the  optimum 
height  of  burst,  survived.  The  trains  were  operating  through  Hiro- 
shima 2  days  after  the  explosion. 
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Let  me  paraphrase  from  an  interchange  I  had  in  1960  with  Colonel 
Lincoln,  head  of  the  faculty  at  West  Point,  on  this  subject : 

The  Russians  are  careful  students  of  Clausewitz.  I  do  not  believe 
they  would  ever  ignore  either  the  danger  that  a  war  once  started 
might  escalate  to  the  full  violence  which  the  pure  theory  of  war  might 
indicate;  on  the  other  hand,  they  would  never  forget  that  war  is  a 
tool  of  policy  and  that  every  effort  must  be  made  to  avoid  letting  it  so 
escalate.1 


i  In  this  connection  the  following  quotation  from  Communist  of  the  Armed  Forces  in 
November  1975  is  pertinent :  "The  premise  of  Marxism-Leninism  on  war  as  a  continuation 
of  policy  by  military  means  remains  true  in  an  atmosphere  of  fundamental  changes  in 
military  matters.  The  attempt  of  certain  bourgeois  ideologists  to  prove  that  nuclear  missile 
weapons  leave  war  outside  the  framework  of  policy  and  that  nuclear  war  moves  beyond 
the  control  of  policy,  ceases  to  be  an  instrument  of  policy  and  does  not  constitute  its  con- 
tinuation is  theoretically  incorrect  and  politically  reactionary." 

On  the  other  hand,  I  can  well  imagine  that  they  might  consider  a 
controlled  nuclear  conflict  in  which  significant  military  targets,  but 
not  urban-industrial  targets,  are  the  initial  objects  of  attack,  if  they 
thought  war  unavoidable. 

In  conclusion,  I  would  like  to  comment  on  this  committee's  print 
containing  the  Gaither  Report  of  1957. 

I  have  now  read  that  report  for  the  first  time  in  nearly  20  years.  I 
am  impressed — especially  m  light  of  the  information  then  available 
to  the  Gaither  committee — by  the  care  and  comprehensiveness  of  that 
committee's  examination  of  the  problems  assigned  to  it  for  study.  I 
note  in  contrast  the  cavalier  imprecision  reflected  in  the  foreword  pre- 
pared by  this  committee's  staff. 

It  is  not  true  that  the  Gaither  Report  ignored  arms  control,  nor  is  it 
true  that  the  report  spoke  of  U.S.  strategic  inferiority  as  then  a  fact 
To  the  contrary,  the  Gaither  Report  described  the  United  States  as 
then  "capable  of  making  a  decisive  attack  on  the  U.S.S.R."  In  view 
of  SAC's  vulnerability  "to  a  surprise  attack  in  a  period  of  lessened 
world  tension,"  the  Gaither  Report  also  noted  the  U.S.S.R.'s  capability 
to  make  "a  very  destructive  attack  on  this  country." 

The  report  then  observed,  "As  soon  as  SAC  acquires  an  effective 
'alert'  status,  the  United  States  will  be  able  to  carry  out  a  decisive 
attack  even  if  surprised,"  and  it  anticipated  that  juncture  "as  the  best 
time  to  negotiate  from  strength,  since  the  U.S.  military  position  vis-a- 
vis Russia  mijgjht  never  be  so  strong  again." 

In  attempting  to  disparage  the  Gaither  committee's  analysis,  the 
staff  foreword  cites  a  subsequent  estimate  "*  *  *  that  at  the  time  of  the 
Gaither  Report  the  Soviet  Union  probably  had  fewer  than  a  dozen  op- 
erational ICBMs."  In  fact,  at  the  time  of  the  Gaither  Report — only  a 
few  weeks  after  the  sputnik  launching — the  Soviet  Union  obviously 
had  no  operational  ICBMs.  The  Gaither  Report  made  no  assumption 
to  the  contrary.  Indeed,  it  postulated  1959  as  the  probable  year  the 
Soviet  Union  would  first  have  operational  ICBMs ;  in  fact,  they  first 
became  operational  in  1960.  What  was  crucial  at  the  time  was  not  only 
the  question  of  how  many  ICBMs  would  be  operational  when,  but 
even  more  importantly  the  question  of  the  speed  with  which  the  U.S. 
Air  Force  could  achieve  adequate  early  warning  facilities  and  an 
appropriate  alert  posture. 

The  Gaither  Report  focused  attention  on  those  questions. 


9 


STATEMENT  OF  HERMAN  KAHN,  DIRECTOR,  HUDSON  INSTITUTE 

10 

It  is  not  true  that  the  Democrats  raised  the  issue  of  a  missile  gap 
against  the  Republican  administration.  That  was  a  Republican  state- 
ment. The  Republicans  predicted  the  Russians  would  have  300  missiles 
by  1960.  But  at  the  same  time,  the  Republican  administration  said  this 
wouldn't  make  any  difference,  because  we  had  2,000  bombers  and  they 
were  more  important  than  300  missiles. 

The  great  contribution  of  the  Gaither  Report,  as  Paul  just  said,  was 
to  make  clear  that  if  the  Soviets  had  300  missiles  and  we  did  not  have 
any  kind  of  warning  system,  then  we  might  not  have  2,000  bombers, 
because  they  could  be  destroyed  by  a  surprise  attack  while  still  on  the 
ground. 

I  also  made  clear,  that  while  the  Soviets  probably  would  not  have 
300  operational  missiles  in  1960,  if  they  did  have  them,  we  would  be  in 
trouble — that  is,  despite  the  predictions  by  the  Republican  administra- 
tion we  did  not  think  they  had  such  a  force — but  we  were  not  sure. 

What  does  one  do  when  the  other  side  may  be  able  to  do  something  in 
the  near  future  and  if  one  waits  until  he  is  certain  before  reacting, 
it  is  too  late,  while  if  one  reacts  early  it  may  turn  out  to  have  been 
unnecessary? 
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Let  me  also  make  a  remark  about  a  release  I  saw  from  this  committee 
which  listed  a  series  of  predicted  gaps  which  did  not  occur.  In  at  least 
half  the  cases,  people  were  rather  clear  that  the  gap  might  not  occur, 
but  they  were  not  sure. 

[Additional  remarks :] 

But  they  felt  they  had  to  worry  about  it  ahead  of  time  and  even  make  some 
preparations  because  they  could  not  afford  to  wait  until  all  the  facts  were  in. 

Let  me  ask  a  question :  What  do  you  do  if  the  other  side  exhibits  a 
weapon  system  and  has  the  production  capability?  You  are  not  quite 
sure  what  he  is  going  to  do.  Do  you  wait  until  he  does  it  or  do  you  worry 
about  it? 

In  general  this  is  a  very  complicated  issue.  In  some  cases,  we  almost 
have  to  make  preparations  ahead  of  time,  even  though  they  may  be 
wasted.  In  other  cases,  we  should  wait  until  we  are  more  sure ;  in  still 
other  cases,  one  just  hopes  for  luck.  But  one  should  not,  in  my  judg- 
ment, downgrade  responsible  officials  who  get  concerned  under  such 
circumstances. 

I  might  also  draw  attention  to  some  studies  clone  by  Albert  Wohl- 
stetter.  It  is  pointed  out  in  these  studies  that  in  most  cases,  we  have 
underestimated  rather  than  overestimated  U.S.S.R.  future  capability. 
I  will  ask  that  this  report  be  sent  to  the  committee. 

If  you  look  at  the  record,  there  has  been  more  a  problem  of  under- 
estimation than  overestimation.  This  is  true  in  terms  of  the  number  of 
missiles  the  Soviets  have  had  over  time  and  in  terms  of  Soviet  capa- 
bility on  all  kinds  of  other  issues.  We  tend  to  remember  the  discussion 
when  some  hysterical  people  overstate  the  problem ;  then  it  turns  out  to 
be  wrong.  I  would  argue  this  is  not  at  all  the  characteristic  problem. 
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Probably  an  even  better  prototype  for  the  situation  we  are  thinking 
about  is  pre- World  War  II.  After  World  War  I,  much  of  the  world 
became  sick  of  war,  and  war  became  "unthinkable"  to  most  people, 
particularly  in  the  victorious  "Allied  Powers."  Strategists  and  pub- 
licists talked  about  poison  gas  and  knock-out  blows;  they  thought  all 
the  capital  cities  would  be  destroyed  by  poison  gas  in  the  first  few  days 
of  a  war.  They  did  not  understand  the  idea  of  limitations  in  warfare — 
of  mutual  deterrence  even  after  hostilities  have  broken  out. 

When  Hitler  got  elected  in  1933,  people  became  interested  in  larger 
defense  budgets.  Then  he  marched  into  the  Ehineland  and,  of  course, 
defense  budgets  increased  slightly.  Then  there  was  the  Anschlus  and 
then  Munich,  and  more  substantial  increases  in  military  budgets. 
With  the  invasion  of  Czechoslovakia,  everybody  got  deeply  con- 
cerned. Then,  finally,  there  was  the  invasion  of  Poland,  the  formal 
declaration  of  war  and  then  7  months  of  more  or  less  "phony 
war."  As  a  result  there  was  opportunity  on  both  sides  for  7 
months'  of  full-time  war  production,  before  the  war  really  opened  up. 

We  would  argue  that  similar  possibilities  should  be  considered 
today.  Nobody  is  interested  in  jumping  into  a  nuclear  war  today. 
Nobody  is  going  to  want  to  execute  the  usual  picture  of  nuclear  war, 
in  which  each  side  presses  every  button  and  goes  home.  It  is  extraor- 
dinarily difficult  to  believe  such  a  scenario. 

It  might  happen.  But  I  would  be  willing  to  bet,  if  this  were  a  bet- 
ting matter,  50  to  1  against  it. 

On  the  other  hand,  the  situation  might  arise  in  which  there  was  a 
declaration  of  war,  followed  by  a  phony  war,  or  a  serious  confronta- 
tion in  which  there  were  credible  threats  of  war.  By  the  way,  in  such 
a  confrontation,  the  following  dialog  tends  to  occur. 

Both  sides  are  saving  to  the  other  side,  "There  is  absolutely  nothing 
at  risk  which  justifies  this  terrible  danger  to  which  we  are  subjecting 
each  other  and  the  rest  of.  the  world.  It  is  clear  that  whatever  we 
are  arguing  about  is  simply  not  worth  the  risk  of  a  thermonuclear 
war.  Therefore,  one  of  us  has  to  be  reasonable-and  it  isn't  going  to 
be  me." 
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Finally,  a  last  point.  When  we  write  scenarios  for  nuclear  war,  we 
find  it  difficult  to  write  a  credible  scenario  which  doesn't  involve 
months  or  weeks  of  warning.  I  would  guess  we  are  as  good  at  writing 
scenarios  as  anybody  in  the  world.  We  have  certainly  written  as  many. 

I  want  to  warn  the  committee,  on  the  other  hand,  that  when  we 
looked  at  World  War  I,  we  didn't  find  that  scenario  plausible.  The 
mere  fact  we  can't  write  a  plausible  scenario  for  a  war  doesn't  mean  it 
can't  occur,  because  one  can  find  historical  examples  to  the  contrary. 

Nevertheless,  every  scenario  we  write  for  nuclear  war  involves  days, 
weeks  or  months  of  tension.  Evacuation,  last  moment  mobilizations 
are  extraordinarily  possible.  By  the  way,  evacuations  occur  not  as  a 
result  of  secret  intelligence  or  in  any  attempt  to  try  to  outrun  the 
missiles  or  the  bombers.  The  New  York  Times  and  the  Washington 
Post  provide  the  warning  perhaps  days  before  the  attack.  People  or 
governments  then  get  frightened  and  decide  to  decrease  their  vulner- 
ability to  attack.  The  idea  is,  can  you  exploit  such  warning  if  it  is 
printed  in  the  papers  ? 
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TYPICAL  STRATEGIC  MOBILIZATION  SCENARIOS 

Of  the  four  scenarios  given  below,  the  first  two  are  history,  the  third  used  to 
be  the  great  fear  of  NATO,  and  the  fourth  is  probably  the  great  fear  of  the  War- 
saw Pact. 

1.  The  "phony  war,"  1940  (5  months) : 

(a)  Pre-crisis  arms  competition  (UK,  France,  Germany  and  the  U.S.S.R.K 

(b)  A  major  series  of  political-military  crisis — 
Militarization  of  the  Rhineland  (1836)  ; 
Anschluss  (Austria)  (1938) ; 

Sudeten  crisis  (1938-39)  ; 
War  in  Poland  (1939). 

(c)  De-escalation  and  negotiation  (antagonists  began  a  rapid  buildup  fearing 
a  resumption  of  full  scale  conflict) . 

2.  Korea  (195KWS3)  : 

(a)  Pre-war  politico-military  crises — 
Soviet  invasion  of  Iran  (1946) ; 

Soviet  takeover  of  East  European  nations  (1945-48) ; 

Berlin  blockade  (1948)  ; 

Soviet  intervention  in  Turkey  and  Greece ; 

Soviet  military  buildup,  post  WW-IL 

(b)  Major  turnabout  in  U.S.  policy — 

Factor  of  four  increase  in  defense  expenditures  in  18  months ; 
Massive  emphasis  on  strategic  preparedness,  especially  active  defense. 

3.  Successful  Soviet  attack  on  W.  Berlin  and  subsequent  de-escalation. 

4.  Uprising  in  East  Germany  gets  out  of  control  and  escalates. 
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CHARACTERISTICS  OF  A  SPECIAL  MOBILIZATION  SCENARIO :  A  FORMAL  DECLARATION  OF 

WAR  BY  THE  U.S. 

1.  The  declaration  would  have  solemn  and  especially  great  significance  for  our 
enemies,  allies,  and  neutrals. 

2.  The  information  transferred  would  have : 

(a )  Unambiguous  factual  content  of  great  importance ; 
Ob)  Undeniable  implications  and  symbolism ; 

(c)  Highly  uncertain  interpretations  or  implications. 

3.  Its  existence  would  preempt  "ordinary"  crisis  negotiation  and  deny  the 
stability  of  any  recent  fait  accompli. 

4.  In  some  extreme  crises  it  could  be  temporizing — a  declaration  is  not  a  spasm 
response — and  lead  to  deescalation  of  actual  fighting. 

5.  But  it  implies  a  rapid  response  to  any  increased  use  of  force. 

6.  It  tends  to  force  a  decision  by  allies  to  cooperate  actively. 

7.  It  would  justify  many  peripheral  actions  (blockades,  interdiction,  property 
confiscation,  internment  of  hostile  aliens,  etc.). 

8.  It  would  tend  to  unify  the  national  response — and  increase  defense  spend- 
ing enormously  through  mobilization. 

9.  It  would  convey  the  unambiguous  message  that  a  format  peace  treaty  will 
be  required  to  settle  all  the  important  issues. 

ROLE  OF  RESEARCH  FOR  MOBILIZING  ACTIVE  DEFENSES 

1.  Missile  defense  probably  would  be  the  most  important  and  expensive  effort. 

2.  Lead-time  reduction  becomes  extremely  important. 

3.  A  program  is  required  to  facilitate  rapid  massive  procurement  of  mutually 
^reinforcing  systems — 

Boost  phase  interception ; 
Mid  course  interception ; 
Terminal  interception. 

4.  A  capability  may  soon  be  needed  to  support  a  war  in  space. 

5.  A  capability  is  required  for  integration  into  other— ihigh  priority  strategic 
mobilization  programs — 

Air  defense ; 
Civil  defense. 

Major  research  objective:  design  systems  which  are  highly  effective, 
mutually  supporting  and  which  can  be  rapidly  deployed  at  high  levels  of 
expenditure. 
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Paul  Henry  Nitze 

In  the  spring  of  1969,  Paul  Henry  Nitze  was  appointed  the  representative  of 
the  Secretary  of  Defense  to  the  United  States  Delegation  to  the  Strategic  Arms 
Limitation  Talks  with  the  Soviet  Union ;  a  position  he  held  until  June  1974,  at 
which  time  he  resigned. 

Mr.  Nitze  resigned  from  his  duties  as  Deputy  Secretary  of  Defense  on  January 
20,  1969,  a  position  he  had  held  since  July  1,  1967,  succeeding  Cyrus  R.  Vance. 

Mr.  Nitze  was  serving  as  57th  Secretary  of  the  Navy  when  he  was  nominated 
by  former  President  Lyndon  B.  Johnson  on  June  10,  1967,  to  become  Deputy 
Secretary  of  Defense.  He  was  confirmed  by  the  United  States  Senate  on  June 
29,  1967. 

The  late  President  John  F.  Kennedy  nominated  Mr.  Nitze  to  be  Secretary  of 
the  Navy  on  October  14, 1963.  At  that  time  he  was  serving  as  Assistant  Secretary 
of  Defense  (International  Security  Affairs),  having  assumed  that  position  on 
January  29,  1961.  He  began  his  duties  as  Secretary  of  the  Navy  on  November 
29,  1963. 

Graduated  "cum  laude"  in  1928  from  Harvard  University,  Mr.  Nitze  subse- 
quently joined  the  New  York  investment  banking  firm  of  Dillon  Read  and  Com- 
pany. In  1941,  he  left  his  position  as  Vice  President  of  that  firm  to  become 
financial  director  of  the  Office  of  the  Coordinator  of  Inter-American  Affairs. 

From  1942-1943,  he  was  Chief  of  the  Metals  and  Minerals  Branch  of  the  Board 
of  Economic  Warfare,  until  named  as  Director  of  Foreign  Procurement  and 
Development  for  the  Foreign  Economic  Administration. 

During  the  period  1944-1946,  Mr.  Nitze  was  Vice  Chairman  of  the  United 
States  Strategic  Bombing  Survey.  He  was  awarded  the  Medal  of  Merit  by  Presi- 
dent Truman  for  service  to  the  nation  in  this  capacity. 

For  the  next  seven  years,  he  served  with  the  Department  of  State,  beginning 
in  the  position  of  Deputy  Director  of  the  Office  of  International  Trade  Policy. 
In  1948,  he  was  named  Deputy  to  the  Assistant  Secretary  of  State  for  Economic 
Affairs.  In  August,  1949,  he  became  Deputy  Director  of  the  State  Department's 
Policy  Planning  Staff,  and  Director  the  following  year. 

Mr.  Nitze  left  the  federal  government  in  1953  to  become  President  of  the 
Foreign  Service  Educational  Foundation  in  Washington,  D.C.,  a  position  he  held 
until  January  1961. 

Mr.  Nitze  is  Chairman  of  the  Advisory  Council  of  The  Johns  Hopkins  School 
of  Advanced  International  Studies  in  Washington,  D.C.,  and  also  serves  on  the 
Board  of  Trustees  of  the  University.  He  holds  memberships  on  the  Board  of 
Directors  of  Schroders,  Inc.,  in  New  York,  and  Schroders,  Ltd.,  in  London,  The 
American  Security  and  Trust  Company  of  Washington,  D.C.,  Northwestern 
Mutual  Life  Mortgage  and  Realty  Investors  of  Milwaukee,  Wisconsin,  and  is 
Chairman  of  the  Board  of  the  Aspen  Skiing  Corporation. 


Herman  Kahn 

Herman  Kahn  was  born  in  Bayonne,  New  Jersey,  in  1922.  He  received  a  B.A. 
from  UCLA  in  1945  and  an  M.S.  in  physics  from  the  California  Institute  of 
Technology  in  1948.  He  was  associated  with  the  Rand  Corporation  before  becom- 
ing in  1961  the  principal  founder  and  director  of  the  Hudson  Institute,  a  re- 
search organization  studying  public  policy  issues,  with  headquarters  in  Croton- 
on-Hudson,  N.Y.  His  international  reputation  as  a  strategic  warfare  analyst 
or,  as  the  New  Republic  put  it,  one  of  "the  prophets  of  strategic  reality,"  is  based 
on  his  work  at  the  Institute  and  on  his  books:  On  Thermonuclear  War  (1960), 
Thinking  about  the  Unthinkable  (1962),  On  Escalation  (1965  and,  revised  Pelican 
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Statement  op  E.  P.  Wigner  1  for  the  Joint  Committee  on  Defense 

Production 

1Dr.  Wiener  is  a  Nobel  Laureate  and  an  emeritus  professor  of  physics  at  Princeton 
University  and  hns  lonp  been  associated  with  civil  defense  issues.  He  edited  a  1968  study 
Who  Speaks  for  Civil  Defense  t 

THE  EFFECTIVENESS  OF  CIVIL  DEFENSE 

This  writer  became  convinced  of  the  possible  effectiveness  of  civil 
defense  measures  when  he  served  as  a  member  of  the  General  Advisory 
Committee  to  the  U.S.  Atomic  Energy  Commission. 
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Are  the  U.S.S.R.  and  China  the  onlv  countries  with  elaborate  and 
well  developed  civil  defense  systems?  No — most  of  the  peace-loving 
countries  also  have  such  systems,  based  on  blast  shelters,  and  their 
yearly  expenditures  per  person  on  such  defense  is  about  15  times  greater 
than  ours.  This  has  been,  so  far,  about  400  per  person  a  year.  Inciden- 
tally, the  Swiss  civil  defense  repeats  our  President  Kennedy's  message : 
(Civil  defense)  "is  insurance  we  trust,  will  never  be  needed" — its 
greatest  accomplishment  is,  according  to  the  Swiss,  that  it  will  not 
have  to  be  used,  that  it  will  divert  the  aggressive  instincts  of  possible 
opponents. 

It  is  easy  to  conclude  that  an  effective  civil  defense  is  not  only  desir- 
able, it  is  also  possible. 

IS  CIVIL  DEFENSE  NECESSARY? 

What  is  the  principal  danger  that  threatens  us  in  the  present  absence 
of  an  effective  civil  defense  ?  It  is  the  possibility  of  the  U.S.S.R.  evacu- 
ating its  cities,  dispersing  their  population,  and  then  making  demands 
on  us,  under  the  threat  of  a  nuclear  attack,  approximating  those  made 
by  Hitler  or  Czechoslovakia  which  led  to  the  Munich  pact.  This  left 
Czechoslovakia  essentially  defenseless. 
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THE  ARGUMENTS  AGAINST  CIVIL  DEFENSE 

The  argument  which  we  heard  after  the  U.S.S.R.  civil  defense  efforts 
became  generally  apparent  was  that  our  installation  of  protection  for 
our  people  would  only  induce  the  U.S.S.R.  to  augment  its  aggressive 
capability.  We  now  know  that  such  augmentation  took  place  even 
though  we  did  not  organize  a  vigorous  civil  defense  effort.  One  of  the 
two  arguments  we  now  hear,  the  civil  defense  is  too  expensive,  seems 
almost  ridiculous.  If  Switzerland,  Sweden,  etc.,  even  China,  can  afford 
the  more  costly,  the  blast  shelter  method,  we  with  the  highest  per  capita 
national  wealth,  can  also  surely  afford  the  defense  of  our  people.  The 
other  argument,  in  the  words  of  one  of  the  most  learned  opponents  of 
civil  defense,  S.  Drell,  is  that  it  would  lead  to  an  "escalation  of  the  ap- 
prehension from  the  mood  of  today,  vis-a-vis  the  dangers  of  a  nuclear 
exchange  between  the  U.S.  and  the  Soviet  Union."  Should  the  appre- 
hension of  the  danger  not  be  greater  now,  where  we  have  no  effective 
defense,  than  it  would  be  when  we  have  such  defense?  Or  is  it  pro- 
posed that  we  should  lull  the  common  people  into  ignorance  of  the  true 
situation?  It  is  remarkable  also  that  the  U.S.S.R.  is  not  criticised  for 
fostering  the  "apprehension"  of  its  own  people.  One  must  conclude 
that  the  varying  arguments  against  civil  defense  have  little  validity. 
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A  FEW  PROPOSALS  RELATED  TO  OUR  DEFENSE 

The  first  change  I  would  advocate  is  to  stop  maintaining  that  a 
nuclear  war  would  be  the  end  of  mankind.  Such  a  statement  may  give 
the  impression  to  an  opponent  that  he  can  achieve  anything  by  threat- 
ening with  a  nuclear  war.  After  all,  he  would  argue,  tlie  opponent  (that 
is  us)  will  make  any  sacrifice  to  avoid  the  "end  of  mankind".  Hence,  if 
he  is  threatened  with  extinction  he  will  give  in,  particularly  if  the 
threat  comes  from  a  party  which  does  not  believe  that  the  war  precipi- 
tated by  him  will  lead  to  the  "end  of  mankind".  Instead  of  such  a 
blatantly  incorrect  statement,  it  would  be  better  to  subscribe  to  Chuy- 
kov's  doctrine  that  "knowledge  and  the  skillful  use  of  modern  protec- 
tive measures"  will  make  it  possible  to  provide  effective  protection.  At 
least,  we  could  adhere  to  Kissinger's  earlier  (1957)  statement :  "While 
it  (civil  defense)  cannot  avert  the  traumatic  effect  of  vast  physical 
destruction,  its  efficient  operation  may  make  the  difference  between  the 
survival  of  a  society  and  its  collapse." 

The  second  measure  which  I  consider  to  be  urgent  is  to  establish 
better  contact  with  the  people  at  large.  This  makes  it  desirable  for 
DCPA  to  expand  its  staff  by  the  employment  of  people  who  can  es- 
tablish a  contact  with  the  population  at  large,  who  can  speak  and  write 
the  truth  convincingly.  One  of  the  functions  of  these  advisors  would 
be  to  help  the  high  schools  to  give  instruction  on  the  nature  of  nuclear 
explosions  and  the  defense  against  the  effects  of  these.  This  is  a  subject 
which  is  foreign  to  most  present  high  school  teachers,  and  the  advisor 
could  and  should  help  them  to  acquire  the  necessary  knowledge.  After 
all,  the  Federal  Government  now  intends  to  support  the  local  schools 
and  can  well  suggest  that  these  contribute  to  the  protection  of  the 
country.  The  high  school  instruction  on  civil  def ense — obligatory  in 
the  TJ.S.S.R. — would  be  very  useful  since,  after  all,  we  learn  best  when 
we  are  young  and  we  learn  most  non-elementary  facts  from  our  teach- 
ers. But  even  more  generally,  the  establishment  of  a  close  contact  be- 
tween those  who  protect  our  freedom,  and  those  whose  freedom  is  pro- 
tected, would  be  very  desirable ;  and  acquainting  people  at  large  with 
the  methods  and  effectiveness  of.  civil  defense  would  provide  an  avenue 
toward  this  goal.  It  may  not  be  easy  to  find  people  who  know  about 
the  methods  and  effectiveness  of  civil  defense  and  who  are  also  able 
and  interested  in  communicating  this  and  much  other  knowledge  to 
the  people  at  large,  but  every  effort  should  be  made  to  find  such  people 
and  support  them. 

The  last  suggestion  I  wish  to  make  is  that  the  DCPA  budget  should 
certainly  not  be  cut.  It  should  steadily  be  increased  until,  in  a  few  years, 
it  reaches  the  per  capita  level  of  other  peace-loving  and  non-expansion- 
ist countries,  such  as  Switzerland,  Holland,  Sweden,  etc.  For  reasons 
given  in  the  rest  of  mv  statement,  this  would  be  of  decisive  importance 
for  maintaining  a  valid,  widely  endorsed,  and  vigorous  defense  effort 
for  our  country — and  it  would  support  all  freedom-directed  nations. 
Their  independence  does  depend  to  a  certain  degree  on  our  strength 
and  our  ability  to  stand  up  for  them.  The  examples  of  Hungary, 
Czechoslovakia,  Poland — to  mention  only  a  few — show  that  such  in- 
dependence does  not  come  freely. 

Let  me  end  on  a  bit  more  hopeful  tone  which  is.  however,  as  sincere 
as  wasthe  rest  of  my  statement.  This  is  the  hope  that  an  effective  civil 
defense  may  not  only  protect  our  country  and  our  freedoms,  but  it  may 


(Gross  exaggerations,  assuming  Nevada  desert  type  terrain  with 
no  thermal  shadows  by  city  skylines ,  no  duck  and  cover,  no  clothing 
and  fraudulent  blast  effects  data  which  ignores  Hiroshima's  evidence) 


Appendix  III 

U.S.  CIVILIAN  NUCLEAR  FATALITY  ESTIMATES  1  FOR  VARIOUS  COUNTERFORCE  ATTACK  SCENARIOS 


Type  of  attack 


Assumptions 


Estimated 
fatalities 


Comprehensive  attack: 

Case  1,  60  percent  destruction 
of  military  targets. 

Case  2,  60  percent  destruction 
of  military  targets. 

Case  3,  57-60  percent  destruc- 
tion of  military  targets. 


1  optimum  height  of  burst  and  1  surface  burst  warhead  per  each  of       3,  200, 000 
1,054  ICBM  silos;  pattern  attack  of  SAC  bases:  unspecified 
attack  on  2  SSBN  support  bases;  good  shelter  posture. 

2  optimum  height  of  burst  warheads  per  each  of  1,054  ICBM  silos;        6, 700, 000 
no  pattern  attack  of  SAC  bases;  unspecified  attack  on  2  SSBN 
support  bases;  poor  shelter  posture. 

2  surface  burst  warheads  per  each  of  1,054  ICBM  silos;  pattern  16,300,000 
attack  of  SAC  bases;  unspecified  attack  on  2  SSBN  support 
bases;  very  poor  shelter  posture. 
ICBM  only  attack: 

Case  1   2  550  kt  optimum  height  of  burst  warheads  per  each  of  1,054  ICBM      » 4, 000, 000 

silos. 

Case  2, 42  percent  silo  destruc*  1  550  kt  surface  burst  and  1  550  kt  optimum  height  of  burst  war-        5, 600, 000 

tion.  head  per  each  of  1,054  ICBM  silos. 

Case  3,  80  percent  silo  destruc-  1  3  Mt  surface  burst  and  1  3  Mt  optimum  height  of  burst  warhead       18, 300, 000 

tion.  per  each  of  1,054  ICBM  silos. 

Case  4  2  3  Mt  surface  burst  warheads  per  each  of  1,054  ICBM  silos   » 20, 000, 000 

Airlift  attack:* 

Case  1   1  200  kt  cruise  missile  warhead  per  each  of  5  U.S.  heavy  airlift  70, 000 

bases  (Dover  AFB,  Del.;  McGuire  AFB,  N.J.;  Travis  AFB,  Calif.; 
Charleston  AFB,  S.C.;  and  McChord  AFB,  Wash.) 

Case  2  1 1.2  Mt  SLBM  per  each  of  5  U.S.  heavy  airlift  bases   210, 000 

Case  3  1  1.2  Mt  SLBM  per  each  of  5  U.S.  heavy  airlift  bases  uses  offset  135, 000 

targeting. 


1  Department  of  Defense  estimates  as  reported  to  the  Senate  Foreign  Relations  Committee.  July  11, 1975,  and  published 
in  "Analyses  of  Effects  of  Limited  Nuclear  War,"  pp.  12-24.  Note  that  figures  are  fatalities  only  and  not  casualties  and  that 
attacks  are  restricted  to  military  facilities  (counterforce)  rather  than  populated  areas  (countervalue).  Shelter  posture  is  a 
function  of  degree  of  hardening  and  the  willingness  of  the  population  to  use  shelters. 

z  Under. 

» Circa. 

<  Assumes  allied  victories  in  a  European  war  supported  by  U.S.  military  airlift  provide  incentives  for  destruction  of 
major  American  airlift  centers. 
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The  presence  of  apertures  in  walls  (windows,  doors)  has  an  influence 
on  the  destruction  of  buildings  and  structures  since  the  wave,  easily 
destroying  them,  penetrates  quickly  into  the  building,  and  the  reflected 
pressure  [outside]  is  compensated  by  the  overpressure  within. 

36  

In  addition,  nuclear  blasts  create  electromagnetic  fields,  which  generate 
surges  in  underground  lines  and  in  high-wire  lines  and  radio  station 
antennas,  and  also  generate  radio  waves  propagated  over  a  wide  area. 
The  induced  current  and  voltage  may  be  propagated  by  wires  over  a 
wide  area  and  cause  damage  to  insulation,  electrical  and  radio  equip- 
ment may  burn  out,  and  personal  injuries  may  occur.  It  is  necessary  to 
implement  engineering  technical  measures  in  civil  defense  in  order  to 
provide  protection  from  secondary  damage. 
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3.  Methods  of  Protecting  the  Population 
by  Dispersal  and  Evacuation 


3.1  Organization  and  Planning  of  Dispersal  and  Evacuation 

During  the  Great  Patriotic  War  [World  War  II] ,  to  protect  productive 
capacity,  we  transported  entire  enterprises,  including  their  workers  and 
employees,  to  the  deep  rear  from  areas  of  direct  combat;  that  is,  we 
evacuated  industry.  The  evacuation  of  people,  enterprises,  and  capital 
equipment  was  directed  by  the  Soviet  [Council]  on  Evacuation,  which 
was  organized  by  a  decree  of  the  CC  of  the  CPSU  and  by  the  Council  of 
People's  Commissars  of  the  24th  of  June,  1941. 

Under  the  direction  of  the  government,  all  national  departments  and 
administrations  organized  special  sections  and  commissions  on  evacua- 
tion. On-site,  the  evacuations  were  supervised  by  Party  and  Soviet 
organs.  A  priority  system  for  evacuating  enterprises,  people  and  material 
goods  was  established. 

The  first  enterprises  to  be  evacuated  were  large  ones  with  defense 
significance.  (The  evacuation  included  workers,  employees  and  their 
families,  and  factory  equipment.)  From  July  through  November  1941, 
over  1000  industrial  enterprises  moved  into  the  interior  of  the  country. 
Evacuation  from  the  forward  areas  of  the  Don  Basin,  Stalingrad,  and 
the  northern  Caucasus  was  also  conducted  in  the  summer  of  1942. 

A  characteristic  feature  of  the  evacuation  of  that  time  was  that  it  took 
place  over  1000  kms.  from  the  front  lines,  into  areas  inaccessible — at 
the  time — to  enemy  attack.  However,  this  evacuation  was  only  partial 
in  character,  since  a  significant  part  of  the  population  remained  in  the 
territory  occupied  by  the  German-fascist  invaders. 

Under  conditions  of  a  nuclear  missile  war,  civil  defense  must  solve  the 
problem  of  defending  the  population  through  a  series  of  measures,  which 
include  dispersal  and  evacuation  of  people  from  cities  that  are  likely 
to  be  targets  of  missile  strikes  by  the  enemy. 
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Modern  Mechanix,  July  1935 

DEBUNKING 
CfWr  WAR  SCARES 

Europe  is  preparing  for  war.  Her  people  are  being  drilled 
to  use  gas  masks  and  to  fight  poison  gas  air  raids.  Will 
deadly  gas  wipe  out  American  cities,  destroy  U.  S.  armies? 
Here  are  an  expert's  views  on  this  "bogey  man"  of  war. 


by  CAPTAIN  GEORGE  J.  B.  FISHER, 

Chemical  Warfare  Service,  U.  S.  Army, 
as  told  to  James  Nevin  Miller 


ENORMOUS  cities  blanketed  with  death- 
dealing  gas  fumes.  Citizens  rushing 
about  in  panic  as  enemy  planes  roar  over- 
head. Thousands  of  lives  snuffed  out  in  a 
few  minutes.  Countless  humans  coughing 
and  screaming  with  fear,  fighting  among 
themselves  to  reach  subterranean  gas-proof 
cellars. 

This  is  the  terrifying  picture  so  frequently 
painted  by  fiction  writers,  the  movies,  and  the 
sensational  press  about  the  horrors  of  poison 
gas  in  the  next  war. 

20  milligrams  of  mus- 
tard gas  absorbed  into  the 
lungs  will  cause  death. 
At  first  glance  it  would 
seem,  therefore,  that 
12,000  tons  of  this  chemi- 
cal could  wipe  out  a  third 
of  the  population  of  the 
United  States.  However, 
this  quantity  of  mustard 
gas  was  actually  used  dur- 
ing the  World  War.  True 
it  incapacitated  350,000 
men.  But  only  2.5  per 
cent  of  them  died.  Thus 
it  took  an  average  of  a  ton  of  gas  to  injure 
every  29  victims  and  a  ton  and  a  half  for  ev$ry 
death! 

There  is  a  very  simple  reason  why  most 
poison  gases  are  not  more  destructive  and 
that  is  because  weather  conditions  tend  to  re- 
duce the  harmful  chemical  effects  to  a  mini- 
mum. A  wind  blowing  at  the  rate  of  only  four 
miles  per  hour,  for  instance,  can  move  a  huge 
cloud  of  deadly  gas  from  a  given  region  at  the 
rate  of  352  feet  per  minute. 


will  make 
difficult  for  enemy 
air  re  ide  rt  to  launch 


tack.  To  drop  gaa 
raiding  planar  must 
fly  low,  making 
them  vulnerable  to 
ar*rj  -  aircraft  fire. 
No  gaa  raid*  were 
attempted  during 
the    World  War. 


In  the  case  of  an  aerial  gas  attack  only  liquid 
chemicals  are  of  much  value.  And  in  making 
an  attack  on  a  city  with  a  liquid  sprinkler 
it  would  be  necessary  to  fly  low-  Towering 
city  buildings  would  preclude  such  an  opera- 
tion and  the  cany oned  depths  would  never  be 
reached.  In  fact  the  low  flying  planes  would 
be  shot  down  by  anti-aircraft  guns  before  the 
attack  got  well  under  way. 

Lewisite,  the  deadly  gas  developed  after  the 
World  War,  a  dark  green  fluid,  might  be  dis- 
persed in  some  fashion  over  a  city  and  down 
into  the  streets.  But  water  would  quickly 
wash  it  and  its  poisonous  vapors  away. 
Should  the  gas  rise  from  the  ground,  it  would 
scarcely  drift  above  second  floor  windows. 


Paris  Balloon-Homes  Are  Gas-Proof 


Should  air  raiders  threaten  with  gas  bombs,  Parisians  plan  to 
seek  refuge  in  air-tight  shoe-like  balloon  homes.  Photo  below, 
taken  inside  balloon,  shows  family  rehearsing  for  gas  attack, 

REASONING  that  if  balloon  silk  can  hold 
gases,  it  can  likewise  keep  gases  out, 
Parisians  are  building  balloon  houses — -grim 
shoe-like  affairs  which  provide  safety  from 
much-feared  gas  attacks. 

Entire  families  will  find  refuge  in  each  of 
the  inflated  structures.  Fresh  air  would  be 
pumped  in  through  a  filter  which  neutralizes 
poisonous  gases,  just  as  do  filters  on  gas 
masks.  Frames  of  wire  hold  the  balloon  silk 
in  position  when  the  air  pump  is  not  operating. 

Modern  Mechanix 
August  1935 
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GAS  MASKS 


Above— Japan,  too,  is  preparing 
her  people  against  possible  gas 
and  bombing  raids*  Cameraman 


at  left  is  taking  pictures  of  a 
mock  gas  raid  staged  at  Tokyo* 
Priests*  soldiers,  and  civilians 
are  supplied  with  masks.  Left- 
Squads  of  volunteer  workers  are 
equipped  with  portable  sirens  for 
warning  towns  of  gas  attacks. 


XTWGLAND  is  manufacturing  30,000,000  gas 
JLj  masks  for  civilians  at  the  rate  of  250,000 
per  week.  By  the  end  of  the  year  they  will 
be  stored  at  convenient  centers  available  for 
instant  use.  Italy  has  decreed  that  every  new 
house  constructed  must  have  a  concrete  anti- 
gas  shelter  in  the  basement  in  accordance 
with  government  specifications.  Masks  are 
sold  in  Rome  on  the  installment  plan. 

French  drug  stores  sell  masks.  Russia  has 
devised  special  models  for  children  and  con- 
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by  Robert  Gordon 

ducts  gas  as  well  as  fire  drills  in  schools. 
Germany  and  every  other  European  country 
have  provided  masks  and  fume-proof  shelters 
for  civilians  operating  electric  power  plants 
and  other  vital  services.  A  Czech  manu- 
facturer is  marketing  a  mask  with  a  telephone 
and  microphone  attachment  for  the  conduct 
of  business  as  usual  in  spite  of  gas. 

This  all  goes  to  show  that  Europeans,  un- 
protected as  America  by  wide  oceans,  from 
hostile  nations,  have  a  genuine  personal  fear 
of  death  from  the  clouds  in  a  general  conflict 
Just  how  real  the  danger  is  a  matter  of  argu- 
ment. Gas  figured  little,  if  any,  in  the  first 
six  months  of  the  Spanish  struggle  and  it  is 
obvious  that  the  element  of  surprise,  which 
made  the  first  World  War  attacks  so  terrible, 
is  no  longer  present. 

Chemists  agree  that  the  most  deadly  gases 
are  also  the  most  volatile— the  most  easily 
blown  away.  No  less  an  authority  than 
Colonel  Adelno  Gibson,  chemical  officer  of 
the  Second  Corps  Area,  says  that  the  reports 
of  "super"  gases  developed  since  the  World 
War  are  myths. 
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Below  —  English 
mothers  participate 
in  gas  drills,  don- 
ning masks,  and 
conducting  their 
children  to  gas- 
proof  •belters. 
Right  —  During  a 
mock  gas  raid,  a 
French  soldier  sum- 
mons aid  for  his 
fallen  comrade  who 
failed  to  don  mask 
quickly  enough 


FOR  ALL 


The  possibility  of  civilians  losing  morale 
and  being  thrown  into  a  panic  by  gas,  how- 
ever, is  everywhere  recognized.  It  is  to  guard 
against  this  that  the  British  have  set  up  an 
Air  Raid  Precautions  Department  as  part  of 
the  Home  Office.  In  Germany,  the  National 
Air  Safety  League  with  the  slogan  "Save 
Yourself1  has  distributed  7,500,000  masks  to 
its  members.  Its  most  popular  model  is  one 
selling  for  $6.  The  British  civilian  mask  costs 
the  government  but  two  shillings. 

What  all  mititary  men  know,  but  what 
many  civilians  do  not  understand,  is  that  the 
object  of  an  air  raid  over  a  large  city  is  to 
create  panic,  to  cause  enough  cessation  of 
industry  and  commerce  that  armies  cannot 
be  supplied,  and  to  so  weaken  the  will  of 
the  populace  that  they  will  demand  peace 
on  any  terms  without  waiting  for  a  decision 
to  be  won  by  their  army  on  the  field  of 
battle.   Death  and  property  damage  are 
not  the  end  in  itself 

The  possibilities  of  destruction  by  aerial 
bombing  have  been  greatly  exaggerated. 
During  the  last  nine  months  of  the  World 
War,  for  instance,  according  to  official 
figures  published  in  the  Coast  Artillery 
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as  they  were  then,  and  cut  our  casualty  list 
in  half-  -4,000  killed  and  14,000  wounded. 

Strangely  enough,  the  civilian  fears  gas 
more  than  he  does  high  explosives,  though 
casualty  lists  would  indicate  that  gas  is  the 
most  humane  form  of  warfare.  Dr.  Freeth, 
Chief  Rerearch  Chemist,  Imperial  Chemical 
Industries,  says: 

'The  amount  of  nonsense  talked  about 
poison  gas  is  beyond  belief.  Chemical  war- 
fare has  such  a  hold  on  the  imagination  of  the 
civilian  population  that  the  main  danger  is 
psychological." 

Captain  B.  H.  Liddell  Hart,  noted  British 
military  expert,  says:  "The  death  rate  among 
gas  casualties  during  the  World  War  was  less 
than  four  per  cent.  Its  outstanding  effective- 
ness lay  not  in  killing,  but  in  hindering  and 
upsetting  military  plans.  It  was  a  first  class 
nuisance.11  As  compared  with  this,  less  than 
63  per  cent  of  the  casualties  by  high  explosive 
lived,  and  many  of  these  were  maimed  for 
life. 

The  Reverend  Julius  Arthur  Nieuwland. 
Belgian-born  professor  of  organic 
chemistry  at  Notre  Dame  University, 
and  one  of  the  inventors  of  Lewisite  gas, 
was  quoted  in  Time  as  saying:  "Poison 
gas  is  a  humane  instrument  of  warfare. 
By  the  introduction  of  gas  and  other 


Circle— Interior  of  proposed  shelter  room  showing 
supplies  and  arrangement  to  provide  12  hour*  pro  tec 
lion  without  need  of  ventilation.  Wat  blanket* 
guard  the  entrance  to  shelter  rooms  against  pene- 
tration by  fumes.  Below— -Woman  encoring  an 
impermeable  French  * 'balloon"  typo  gas  shot  tar.  In- 
flated by  a  pneumatic  pump,  it  is  quickly  sot  up. 


modern  instruments  of  warfare,  a  progres- 
sively smaller  percentage  of  combatants  has 
been  killed. 

"In  Biblical  times,  thousands  of  men  met 
in  the  middle  of  a  plain  and  slashed  one  an- 
other until  only  a  few  were  left  standing. 
Today,  the  primary  aim  is  not  to  kill  but  to 
incapacitate.  And  poison  gas  is  an  ideal  way 
of  achieving  that  aim. 

'If  a  man  goes  to  the  hospital  suffering  from 
gas  he  is  as  useless  as  if  he  were  dead — and 
to  care  for  him,  several  other  persons  must  be 
kept  out  of  the  battle  lines.  The  chances  are 
that  ultimately  the  victim  will  recover." 

The  author,  having  been  both  wounded  and 
gassed  during  the  World  War,  heartily  en- 
dorses Father  Nieuwland's  theory.  The 
acquiring  of  a  most  effective  case  of  mustard 
gas  burns  was  no  more  unpleasant  than  the 
acquiring  of  a  severe  case  of  sunburn 
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Firemen  patrolling  the  streets  of  Vienna  during  a  sham  aerial  gas  attack  on  the  city 

THE  TRUTH  ABOUT 

Poison  Gas 


By  ALDEN  P.  ARMAGNAC 


FRANCE  sells  gas  masks  to  its 
citizens  on  a  five-year  install- 
ment plan.  Germany  reveals 
that  it  has  secretly  been  manu- 
facturing a  new  type  of  gas  mask 
for  noncombatants,  by  the  million. 
Startled  Britons  learn  that  the  world's 
first  factory  for  civilian  masks,  at 
Blackburn,  England,  has  passed  its 
9,000,000  mark  and  is  turning  out 
100,000  a  day  to  reach  its  quota  of  a 
gas  mask  for  every  man,  woman, 
and  child  in  the  British  Isles. 

Few  doubt  that  poison  gas  will 
play  a  major  role  in  the  dreaded 
"next  world  war."  What  will  hap- 


pen then?  Will  whole  cities,  teeming 
populations,  be  wiped  out  in  an  instant 
by  noxious  fumes?  Are  nations  secret- 
ly guarding  poison  gases  more  horrible 
than  we  have  ever  known  ?  At  the  out- 
break of  a  world  war,  will  chemists  leap 
to  their  test  tubes  and  create  terrible 
new  poisons  to  order? 

How  far  such  nightmare  stories  de- 
part from  fact  has  just  been  revealed 
by  Lieut.  Col.  A.  M.  Prentiss  of  the 
U.  S.  Chemical  Warfare  Service,  whose 
authoritative  new  book,  "Chemicals  in 
War,'*  debunks  many  of  the  popular 
misconceptions  about  poison  gas. 

From  time  to  time  we  hear  rumors  of 
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Treated  clothing  and  mask 
•duly  soldier  for  90s  warfare. 


LOOK  carefully  at  the  pictures 
I  on  these  pages— if  you've 
been  wondering  what  we  would 
have  done  in  case  the  Axis  powers 
had  introduced  deadly  chemicals 
in  the  recent  war. 

It  seems  fantastic,  weird  and  re- 
mote, now  that  the  shooting  is 
over.  But  here  are  the  brutal 
facts,  revealed  for  the  first  time 
by  the  Army's  Chemical  Warfare 
Service.  It  was  alert  and  ready  to 
retaliate  in  heaping  measure  had 
our  enemies  used  gas.  Although 
the  U.  S.  is  not  a  party  to  any 


America  was  ready  to 
Hive  and  take  if  the  Axis 
had  turned  loose  with 
the  most  Inhumane  of 
all  modern  weapons! 


Thousand*  of  barrels  of  deadly 
gas  were  ready  In  U.S.  arsenals. 
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Mechanix  Illustrated 
April  1946 


treaty  or  other  agreement  not  to  use  gas, 
we  have  long  been  committed  to  the 
policy  that  we  would  not  resort  to  this 
horrible  weapon  unless  it  was  first  em- 
ployed by  Our  foes.  The  fact  that  our 
troops  were  fully  prepared  for  offensive 
and  defensive  gas  warfare  undoubtedly 
stopped  the  Axis  from  challenging  us  on 
this  score. 

Chemical  mortar  battalions  in  every 
combat  theatre,  having  won  their  spurs 
by  firing  smoke  and  high  explosive  bar- 
rages from  their  chemical  mortars,  im- 
mediately could  have  turned  to  toxic 
agents   for   which   this  death-dealing 


weapon  originally  was  developed.  At  the 
same  time  every  active  front  had  de- 
contamination companies  available  for 
neutralizing  gassed  areas;  processing  com- 
panies for  analyzing  enemy  chemical 
agents  on  the  spot;  maintenance  com- 
panies to  reservice  gas  masks  and  other 
equipment,  and  depot  companies  ready 
to  supply  gas  munitions.  By  the  same 
token,  chemical  air  operations  companies, 
which  had  been  busy  storing  and  loading 
incendiary  bombs  and  filling  airplane 
spray  tanks  with  smoke  mixture,  speedily 
could  have  switched  to  preparing  gas  for 
release  from  the  [Continued  on  page  159] 
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Lt  dawn,  otf  Frisco's  Golden  Gate,  a  Red  sub 
surfaces  and  deadly  genu  vapor  billows  forth. 


Here,  on  the  next  few  pages, 
you  will  read  the  shocking 
but  all  too  true  story  of  now 
a  little  band  of  saboteurs, 
as  inconspicuous  as  you  and  I, 
can  paralyze  the  United  States. 
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 Sabotage!  

In  dozens  of  cities,  trucks  rumble  through 
the  crowded  streets.  They  are  ordinary  ve- 
hicles but  their  exhaust  pipes  have  been 
slightly  altered.  As  the  trucks  roll  through 
the  cities,  a  vapor  hisses  from  the  false 
exhaust  pipe  and  disappears  among  the 
moving  people  on  the  sidewalks.  Ten  miles 
off  America's  West  Coast,  a  Russian  sub- 
marine cruises  beneath  the  surface;  its 
periscope  and  a  strange  pipe  slice  unseen 
above  the  wateriine.  A  cloud  of  vapor  pours 
from  the  escape  pipe  and  drifts  on  the 
warm,  prevailing  winds  eastward  over  the 
unsuspecting  land.  An  epidemic  is  on  the 
way! 

Oars  muffled  by  padding,  a  rowboat  glides 
silently  across  the  surface  of  a  great  city 
reservoir.  One  man  rows  while  his  com- 
panion drains  the  contents  of  a  plastic  bag 
into  the  water.  Botulinus  toxin,  10,000 
times  deadlier  than  potassium  cyanide, 
sinks  into  the  reservoir  of  10,000,000-gallon 
capacity.  The  men  release  350  gallons  of 
toxin  in  several  trips — five  cubic  centi- 
meters will  kill  a  man  who  later  drinks 
from  the  reservoir. 


Industrial  sabotage  is  not  necessarily 
exhibited  through  physical  destruction. 
Panic,  rumor,  dissension,  strife,  strikes  and 
similar  activities  foistered  by  the  indi- 
vidual allied  to  the  enemy's  cause  may  be, 
and  have  been,  equally  as  effective. 

During  the  last  several  years  we  have 
intercepted  thousands  of  small  booklets 
with  sabotage  instructions  for  Red  agents 
in  this  country.  In  Philadelphia,  we  dis- 
covered a  shipload  of  * 'sardine''  cans,  each 
filled  with  30  to  40  tiny  pamphlets  listing 
sabotage  methods,  instructions  and  means. 

The  saboteur  may  not  even  be  devoted 
to  the  enemy  country,  as  past  experience 
has  proved.  He  may,  of  course,  work  for 
love  of  his  homeland  but  he  may  also  carry 
out  his  insidious  tasks  on  a  traitorous  basis: 
for  cash,  for  real  or  imagined  hatred,  for 
revenge.  He  may  be  under  blackmail  for 
threats  of  death  to  loved  ones  in  a  foreign 
land. 

Foot-and-mouth  disease  in  1914  got  a 
month's  start  accidentally  in  Michigan  and 
soon  spread  to  Chicago  stockyards.  It 
flared  in  22  states  before  it  was  halted — 
the  necessary  slaughter  of  172,222  animals. 


Exhaust  pipes  altered,  trucks  spread  delayed-action  death  90s  In  our  cities. 
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Never  forget  that  the  enemy  will  exhaust 
every  means  of  creating  panic,  defeatism  and 
dissension  among  our  people*  The  primary 
objective  of  a  sabotage  campaign  is  the  indi- 
vidual— you.  There  is  something  known  as 
passive  sabotage,  where  enemy  agents  spread 
dissension  among  workers,  cause  slowdowns, 
start  strikes,  instigate  race  riots  and  enable 
false  rumors  to  spread.  Such  activities  do  not 
at  first  appear  to  affect  our  war  effort  but 
magnified  hundreds  of  times  they  are  of  great 
help  to  the  enemy.  The  enemy's  objective  is 
to  halt  production.  A  strike  can  accomplish 
this  even  more  effectively  than  an  atomic 
bombing. 

Panic  has  often  been  described  as  the  ul- 
timate of  all  weapons,  which  it  is,  for  it  leads 
to  the  utter  disintegration  of  many  people  to 
work  together.  It  can  produce  a  chain  reac- 
tion of  destruction  far  greater  than  that  of 
any  hydrogen  bomb. 

Fear  is  a  healthy  thing,  normal  and  ex- 
perienced at  various  times  in  our  lives.  Panic 
is  simply  uncontrolled  fear.  Its  main  symptom 
is  violent,  unreasoning  action.  This  means 
that  enemy  agents  attempting  to  create  panic 
must  always  strike  at  you.  People,  not  inani- 
mate objects,  convey  panic.  And  panic  re- 
sults at  times  in  terrible  loss  of  life  and  prop- 
erty damage. 


Americans  today  are  becoming  increasingly 
aware  of  their  peril  and  susceptibility  to 
panic.  The  humiliating  lesson  of  Orson 
Welles'  1938  broadcast  of  a  fictional  Martian 
invasion  is  deeply  ingrained  in  many  people. 
The  use  of  the  word  panic  has  in  the  last  five 
years  increased  by  1,447  per  cent  in  the  public 
press! 

Russia  studies  carefully  the  greatest  weak- 
nesses of  our  nation  and  our  people.  The 
Princeton  University  report  of  the  reaction 
to  the  Orson  Welles  broadcasts  is  required 
reading  of  Soviet  staff  officers.  The  Russians 
know  that,  in  war,  to  generate  panic  among 
your  enemy  is  to  increase  your  own  chance 
for  victory. 

Remember — the  enemy  saboteur,  whether 
he  causes  destruction  by  TNT,  by  atomic 
bomb,  by  spreading  BW  agents,  by  starting 
forest  fires  or  by  generating  the  wild  emo- 
tional and  destructive  storm  of  panic,  has 
you  as  his  main  objective.  Forewarned  is 
forearmed.  • 
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Two  Elements  For  One 


The  Most  Important  Scientific  Discovery  of  the 
Present  Year  is  also  the  Biggest  Explosion  in 
Atomic  History . . .  Splitting  the  Uranium  Atom 

By   JEAN  HARRINGTON 


THE  Fifth  Washington  Conference 
on  Theoretical  Physics  was  sitting 
in  solemn  conclave  when  the  news 
broke.  Professor  Nils  Bohr  of  Prince- 
ton and  Professor  Enrico  Fermi  of  Co- 
lumbia rose  to  open  the  meeting  with 
an  account  of  some  research  going  on 
in  a  Berlin  laboratory. 

Professors  Bohr  and  Fermi  are  Nobel 
Prize  winners  both,  and  their  names  are 
as  well  known  to  scientists  as  Tosca- 
ninni's  is  to  music  lovers.  The  Confer- 
ence therefore  expected  something  extra 
special.    They  weren't  disappointed. 

It  was  January  26, 1939.  A  few  weeks 
before,  at  the  Kaiser  Wilhelm  Institute 
in  Berlin,  Dr.  Otto  Hahn,  a  distinguished 
German  physicist,  had  obtained  an  ut- 
terly unexpected  result  from  some  more 
or  less  routine  experiments.  Following 
the  original  example  of  Professor  Fermi, 
Dr.  Hahn  and  his  co-worker,  F.  Strass- 
mann,  had  for  many  months  been  bom- 
barding uranium  with  neutrons  and 
studying  the  debris  left  by  this  atomic 
warfare. 

It  would  not  have  surprised  them  at 
all  to  find  radium  as  one  of  the  products. 
In  fact,  they  had  done  so  before,  or 
thought  they  had.  Radium  and  uranium 
are  near  neighbors  in  the  table  of  ele- 
ments, and  it  is  nothing  new  for  scien- 
tists to  transform  one  element  into  an- 
other close  to  it  in  weight  and  electric 
charge. 

But  it  was  news,  and  big  news,  to  dis- 
cover barium  among  the  debris — 
barium,  which  is  only  a  little  more  than 
half  as  heavy  as  uranium.  It  meant 
that  the  neutron  bullets  had  succeeded 
not  merely  in  knocking  a  few  chips  off 
the  old  block,  but  in  blowing  the  whole 
atom  asunder  with  a  terrific  explosion. 

The  theoretical  and  practical  import 
of  Harm's  discovery  may  not  be  imme- 
diately obvious  to  the  laymen.  The  ar- 
ticle will  attempt  to  interpret  its  sig- 
nificance in  later  paragraphs.  But  on 
the  scientists,  the  news  had  the  same 
effect  as  the  tidings  of  gold  in  California 
had  on  the  Forty-niners.  They  flew  to 
their  laboratories  to  find  the  treasure  for 
themselves. 

A  few  insiders  had  already  jumped 
the  gun  ahead  of  the  Conference  and  of 
the  rest  who  learned  of  the  discovery 
through  the  newspapers.  In  Copenha- 
gen, Dr.  0.  R.  Frisch  and  Professor  Lise 
Meitner,  who  had  previously  worked 
with  Hahn  on  the  same  problem,  had 
verified  his  results  ten  days  earlier.  A 
group  of  Columbia  University  physicists, 
including  Fermi,  independently  thought 
up  and  carried  out  a  similar  experiment 


by  January  25,  the  day  before  the  Con- 
ference. By  the  time  the  meeting  wound 
up  its  affairs  January  28,  three  more 
laboratories — at  the  Carnegie  Institu- 
tion of  Washington,  Johns  Hopkins,  and 
the  University  of  California — joined  the 
chorus  of  confirmation.  In  a  word,  Hahn 
was  right.  Uranium,  and  thorium,  too 
(thorium  is  also  among  the  heaviest  ele- 
ments), had  been  split  in  two  by  neu- 
tron bombardment. 

THE  phenomenon  was  quickly  dubbed 
"nuclear  fission,"  and  in  the  months 
ensuing  since  its  discovery,  nuclear  fis- 
sion has  grabbed  the  spotlight  from  the 
"heavy  electron"  sensation  of  1937-8. 
Dozens  of  the  world's  top-flight  physi- 
cists have  been  busy  as  bees,  roaming 
the  clover  of  a  new  field  of  research. 

The  first  task  of  the  investigators  was 
to  get  a  picture  of  what  had  happened. 
Dr.  Frisch  and  Miss  Meitner  promptly 
supplied  a  pretty  good  one. 

The  nucleus  of  an  element,  they  point- 
ed out,  is  now  thought  of  as  an  aggrega- 
tion of  protons  and  neutrons  packed  to- 
gether into  an  inconceivably  small 
space.  The  number  of  protons,  or  units 
of  positive  electric  charge,  accounts  for 
the  chemical  behavior  of  the  element. 
Neutrons  are  units  of  weight  and  have 
no  charge.  Together  the  neutrons  and 
protons  make  up  the  mass  of  the  nucleus. 

The  simplest  nucleus  is  the  single  pro- 
ton belonging  to  the  lightest  element, 
hydrogen.  Going  up  the  atomic  scale, 
adding  one  proton  and  a  varying  num- 
ber of  neutrons  for  each  successive  ele- 
ment, we  arrive  at  last  at  uranium.  This 
heaviest  of  elements  is  invariably  char- 
acterized by  its  92  protons;  in  its  com- 
monest form  it  contains  146  neutrons  as 
well,  giving  it  a  total  weight  of  238, 
Two  other  forms,  weighing  235  and  234, 
also  occur  in  small  quantities.  These 
are  called  the  three  natural  isotopes  of 
uranium,  and  are  distinguished  by  the 
shorthand  symbols  U?28,  U*!?,  and  U?24. 

Now  all  the  known  elements  heavier 
than  mercury— that  is,  thallium,  lead, 
bismuth,  polonium,  radon,  radium,  ac- 
tinium, thorium,  protactinium,  and  ura- 
nium— have  isotopes  that  are  naturally 
radioactive.    Their  nuclei  are  so  com- 


plicated that  occasionally  one  will  spon- 
taneously simplify  itself  by  shooting  off 
a  particle. 

We  can  picture  the  process  nicely  if 
we  imagine  for  a  moment  that  the  radio- 
active nucleus  is  like  a  drop  of  water, 
composed  of  many  molecules.  One  of 
the  molecules  near  the  surface  somehow 
acquires  a  little  more  energy  than  its 
fellows  and  evaporates. 

The  stage  is  now  set  to  return  to  Dr. 
Frisch  and  Miss  Meitner,  whom  we  left 
some  paragraphs  ago.  Their  conception 
of  the  nuclear  fission  process  continues 
the  analogy  of  the  drop  of  water.  Sup- 
pose the  H20  molecules  are  violently 
agitated  by  a  source  of  energy  outside 
the  drop.  Instead  of  evaporating  gradu- 
ally, the  drop  splits  in  two.  Similarly,  a 
uranium  nucleus,  stimulated  by  the  im- 
pact of  a  neutron  bullet,  may  divide  into 
two  smaller  nuclei  of  roughly  equal  size. 

These  fragments  are  in  themselves 
unstable,  and  quickly  disintegrate  to 
form  still  other  nuclei.  In  fact,  a  whole 
series  of  transmutations  generally  fol- 
lows the  fission  of  uranium  or  thorium. 
Since  Hahn  first  found  barium  among 
the  products,  he  and  other  investigators 
have  identified  antimony,  tellurium, 
iodine,  xenon,  caesium,  and  lanthanum 
in  one  group;  bromine,  krypton,  rubi- 
dium, strontium,  and  yttrium  in  another, 
with  many  possible  additions. 

The  explanation  is  simple  enough. 
The  original  fragments  contain  too 
many  neutrons  in  relation  to  their  pro- 
ton content,  and  must  get  rid  of  them 
to  achieve  a  stable  form.  One  of  two 
things  happens.  The  nucleus  may  sim- 
ply expel  a  whole  neutron,  reducing  its 
weight  by  a  unit.  Or  one  of  the  neutrons 
may  be  converted  into  a  proton  plus  a 
negative  electron  inside  the  nucleus, 
which  promptly  ejects  the  electron.  In 
the  latter  case,  the  nucleus  remains  ap- 
proximately the  same  weight  but  ac- 
quires an  additional  positive  charge, 
thus  becoming  a  chemically  different 
element.  Experiments  have  proved  that 
both  these  types  of  disintegration  actual- 
ly do  take  place. 

No  one  knows  yet  whether  the  same 
two  original  products  are  always  formed 
when  uranium  divides,  or  what  they  are. 
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The  weight  of  any  nu- 
cleus is  never  quite  equal  to 
the  sum  of  its  individual 
protons  and  neutrons.  A 
small  proportion  of  their 
mass,  called  the  "packing 
fraction"  or  "mass  defect," 
Js^gjjjehojyjr^n^fo^m^^nto 
^he^orc^haniojdsthenu^ 
cleu^together^CJUierwise 
the  positively  charged  pro- 
tons would  all  repel  each 
other  and  scatter  in  every 
direction. 

The  packing  fraction  for 
uranium  is,  because  of  its 
large  number  of  particles, 
greater  than  that  for  the 
simpler  elements  into  which 
it  divides.  This  difference 
in  energy  is  released  with 
the  two  fission  fragments. 
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To  measure  this  period  of  decay,  the 
collecting  paper  is  placed  near  an  elec- 
tric counter.  If  the  activity  of  one  prod- 
uct decays  to  half  its  original  value  in 
87  minutes,  for  example,  that  product 
is  immediately  known  as  an  isotope  of 
barium,  Ba  *£f  ,  which  is  known  from 
other  experiments  to  have  a  character- 
istic "half  life"  of  87  minutes.  The  dif- 
ficulty of  this  method  of  identification 
is,  of  course,  in  separating  the  half-lives 
when  two  or  more  elements  are  decaying 


Stereoscopic  cloud  chamber  photo- 
graph showing  tracks  of  two  heavy 
fragments  recoiling  in  opposite  di- 
rections from  a  uranium  nucleus 
struck  by  a  neutron.  The  uranium 
is  on  a  collodion  film  (one  of  the 
broad,  bright  horizontal  lines) .  The 
fragment  tracks  are  fainter  and 
nearly  vertical.  The  fork  near  the 
lower  end  of  the  track  resulted  from 
a  collision  of  one  fragment  with  a 
gas  atom  in  the  cloud  chamber.  The 
double  picture  is  obtained  by  pho- 
tographing the  chamber  simulta- 
neously from  two  points  of  view,  to 
get  three-dimensional  perspective. 

together;  and  also  in  classifying  a  half- 
life  belonging  to  an  isotope  previously 
unknown. 

Another  method  of  studying  the  prod- 
ucts is  to  perform  the  experiment  under 
water,  then  analyze  the  water  chemi- 
cally. Suppose  we  suspect  that  a  few 
nuclei  of  radioactive  lanthanum  are  pres- 
ent. This  is  too  small  a  quantity  to 
separate  directly.  But  if  a  larger  amount 
of  a  stable  lanthanum  compound  is 
added  to  the  water,  both  stable  and  un- 
stable lanthanum  atoms  can  be  pre- 
cipitated out.  If  this  precipitate  is  then 
shown  to  be  radioactive,  we  have  proved 
our  suspicion  was  correct.  Similarly 
the  water  can  be  tested  for  radioactive 
barium  by  adding  a  stable  barium  com- 
pound, and  so  on. 


Fermi  and  others  have  been  trying  to 
determine  which  of  the  three  uranium 
isotopes  are  involved,  and  how  the  proc- 
ess is  related  to  the  speed  of  the  neutron 
projectiles.  Duke  University  scientists 
are  investigating  gamma  radiations  con- 
nected with  fission,  and  the  University  of 
California  is  piling  up  data  in  all 
branches  of  the  research.  Bohr  at 
Princeton,  Solomon  in  Paris,  and  many 
another  are  concerning  themselves 
chiefly  with  theory. 

Irene  Curie  and  P.  Savitch.  who  were 
responsible  for  much  of  the  ground  work 
enabling  Hahn  to  identify  the  products 
of  his  fission  experiments,  have  been 
carrying  on  the  classification  work  in 
Paris.  Joliot,  as  well  as  groups  of  phy- 
sicists at  Columbia,  the  Carnegie  In- 
stitution, and  Cambridge  University, 
have  concentrated  on  the  study  of  sec- 
ondary  neutrons  emitted  at  the  moment 
of  fission  and  in  later  reactions. 

The  latter  problem  brings  up  an  in- 
teresting and  rather  disturbing  aspect 
of  the  case.  These  secondary  neutrons 
constitute  a  fresh  supply  of  "bullets"  to 
produce  new  fissions.  Thus  we  are  faced 
with  a  vicious  circle,  with  one  explosion 
setting  off  another,  and  energy  being  con- 
tinuously and  cumulatively  released.  It 
is  probable  that  a  sufficiently  large  mass 
of  uranium  would  be  explosive  if  its 
atoms  once  got  well  started  dividing. 
As  a  matter  of  fact,  the  scientists  are 
pretty  nervous  over  the  dangerous  forces 
they  are  unleashing,  and  are  hurriedly 
devising  means  to  control  them. 

It  may  or  may  not  be  significant  that, 
since  early  spring,  no  accounts  of  re- 
search on  nuclear  fission  have  been 
heard  from  Germany — not  even  from  dis- 
coverer Hahn.  It  is  not  unlikely  that  the 
German  government,  spotting  a  poten- 
tially powerful  weapon  of  war,  has  im- 
posed military  secrecy  on  all  recent  Ger- 
man investigations.  A  large  concentra- 
tion of  isotope  235,  subjected  to  neutron 
bombardment,  might  conceivably  blow 
up  all  London  or  Paris. 

It  has  been  impossible,  even  in  this 
long  article,  to  mention  all  the  thousand 
aspects  of  this  fascinating  phenomenon, 
or  name  many  of  the  able  contributors 
to  the  sum  of  information  amassed  since 
last  January.  But  the  fact  remains  that 
nuclear  fission  is  the  most  important 
scientific  discovery  of  the  year,  and  holds 
who  knows  what  promise  for  the  future. 


u 
o 


I 


i 


2! 

3 
u 
o 


JS- 
CS 
o 
—i 
o 
z 

X 
u 


2 

5 


5  c 


O  fa 

-QJ  £ 


OJ 


TO  on 

O  Q- 

-o  « 

o  x: 

~Ej 

> 


O 
3 


Is 

fa 

oj  c: 
5  O 

-   v> 

TO 


=  3 
<  C 


ra 

QJ 

C  Of 

c=  :>> 
O  >, 

^  E? 
ai  oj 

O 

^   

fa  jB 
*H  ° 

0*1  ■4—' 

o 

^  'a; 

>i  *-* 

crs  qj 
5n 


fa 

on  ra 

|l° 

O  <i> 

QJ     O-  ^ 

Is  i 

$  c  o 

=  E  ~ 

y  2  2 

O  <a  o 
C 

o  -O 

^  3 

Jf*  tn   


O 
O 


C 

ra 


c 

OJ 

E 

en 
fa 

L_ 

£Z 

o 


■  —  w 

.^2  oj 

M —  I— 

O  TO 

E-5 

a  * 

fa  — 


o 

to 

no 
rsi 
i 

E 

i3 


.E 

*«3 


o 


OJ  ^ 


—  qj 

U 


Of 


TO  ^.  O 

OJ  >^'^3 

^  TO  "6 

2  _C  TO 


rsi  ■ 

to  g>  E 
3  ay  "O 
ere  c 
a>  qj  to 


c  ax 

O  m 
Q_rsj 
TO  i 
OJ  p 

S  | 

o  o 


5  e  £  = 

O    TO    OJ  O  to 

2    QJ  o>-         "P  5 


TO 


5  «  y  5  r  1 1- 

o  -E  S  o  *^  .E  re 

_  =  _  a>  a;  2i 

3  c  M  OJ  S 

C    to  ^  QJ 

!;  S  c  ^  £5 

"Ci  -ti  _C  _  ^  P  QJ 

_p  cn-^  c:  ^-  o  to 


o 

t 

o 

3 

_ i 

< 

q 

< 
Z 

o 

5 
< 

3 


(M 


t 

8 

< 

H 

O 

Eh 
W 

1 

Q 
W 


H 
05 


•E* 

o»  o 

C  co 

o>  0) 
CM 

^  M 

O 

01  43 
S3 

0) 

4>  Q 

o 

«  CO 
0) 

0>  r/j 

cs 
.«  < 

OS 
0)  Q 

O  2c 

•J 

0)  «/) 
H  < 

of  o: 

©  < 

M  o 


J3 

© 

«H  O 

u 

3  <D 
I  43 

H  43 

4  CO 

w 

0) 

JS 

*  43 

•a 

C  « 
o 

o> 
o>  > 

Si  3 

o 
o  SX 

rH  43 
43 

cd 

c 

0)  C 

O  00 
r-l 

O  t* 
*d  co 


Eh 

O 

W 

CI 


n 

w 

a 
en 


Ol 


Interagency 
Intelligence 
Memorandum 


OA  HISTORICAL  REVIEW  PROGRAM 
RELEASEAS  SANITIZED 


Soviet  Civil  Defense 


NIO  IIM  76-041 
November  1976 


copy   N2  404 


SECRET- 


—  Basement — shelters  created  by  adapting  the 
basement  areas  of  residential,  government,  and 
industrial  structures,  primarily  for  protection 
against  fallout.  (See  Figure  12.) 

—  Subways — shelters  provided  by  using  the  sub- 
way tunnels  in  major  Soviet  cities.  The  degree  of 
protection  against  blast  varies  within  subways, 
but  all  afford  good  protection  against  fallout. 
(See  Figure  13.) 

—  Expedient  or  hasty— shelters  built  with  materi- 
als readily  available  during  the  period  immedi- 
ately prior  to  a  nuclear  attack.  (See  Figure  14.) 

112.  These  several  types  of  Soviet  shelters  offer 
varying  degrees  of  protection  against  blast  and  fallout. 
According  to  Soviet  planning,  the  type  of  shelter,  its 
location,  and  the  protection  afforded  are  functions  of 
the  priority  assigned  to  the  survival  of  the  protected 


personnel,  the  likelihood  of  direct  attack  or  proximity 
to  a  target,  and  the  availability  of  suitable  structures 
that  could  be  adapted  as  shelters. 

1 13.  Detached,  bunker-type  shelters,  adaptable  and 
built-in  basement  shelters,  and  subways  are  available 
for  the  protection  of  both  essential  workers  and  the 
general  population.  Dual-purpose  shelters  are  also 
used  as  underground  garages,  clubs,  and  theaters 
which  could  be  converted  quickly  to  civil  defense  use. 

1 14.  Soviet  writings  and  human  sources  have  also 
referred  to  the  use  of  various  types  cf  expedient,  or 
temporary,  shelters  for  protection  from  fallout.  They 
consist  of  trenches  lined  with  readily  available 
materials  and  covered  with  earth.  These  shelters, 
which  are  described  in  more  detail  in  paragraphs  139- 
141,  are  intended  primarily  for  use  by  the  rural 
population  and  by  the  urban  population  at  dispersal 
and  evacuation  sites  in  rural  areas.  They  could  also  be 


Figure  14.  Illustration  of  Soviet  Expedient  or  Hasty  Shelter 

Diagrams  such  as  this  are  provided  in  manuals  widely  distributed  to  the  Soviet  population 
for  use  in  constructing  hasty  shelters  in  dispersal  and  evacuation  areas. 


569671  6  76 


[USSR,  "Antiradiation  shelters  in  rural  areas",  1972.] 


43 
3CCRCT 


»3ECKgT 


or  evacuee.  In  practice,  we  believe — and  emigres  have 
indicated — that  conditions  would  be  much  more  con- 
gested. Details  on  equipment  and  supplies  for 
evacuees  (including  food,  water,  medicine,  and  fuel) 
are  discussed  later  in  this  chapter. 

134.  Time  Requirements  for  Evacuation.  Soviet 
sources  call  for  evacuation  of  Soviet  cities  within  the 
"special  period"  (a  period  of  warning)  preceding  an 
attack,  and  imply  that  the  evacuation  time  would  be 
about  72  hours.  Soviet  authorities  have  not  published 
their  assessment  of  actual  time  which  would  be 
required  for  evacuation  of  the  nonessential  -  popula- 
tion. Several  US  studies  have  addressed  the  speed  with 
which  the  Soviets  could  complete  their  evacuation 
actions.  A  1969  RAND  study  estimated  that  100 
million  urban  residents27  could  be  evacuated  in  four 

days  under  optimum  conditions,  using  only  half  of  the 
i 

"  This  number  of  urban  inhabitants  equals  the  total  population 
of  some  450  cities  with  populations  of  50,000  or  more  and  includes 
almost  all  major  administrative,  residential,  communication,  and 
transportation  centers. 


available  1970  transportation  capacity.  A  1976  De- 
fense Intelligence  Agency  study  of  the  evacuation  of 
12  selected  Soviet  cities  concluded  that,  under  the 
most  favorable  conditions,  the  Soviets  have  a  physical 
capability  to  evacuate  most  of  the  12  cities  within 
three  to  four  days  after  movement  begins.  The  major 
assumptions  used  in  the  DIA  study  were: 

—  70  percent  of  population  evacuated,  30  percent 
dispersed; 

—  two  shifts  working  in  essential  industries  and 
services; 

—  a  six-hour  alert  preceding  actual  movements 
(this  period  of  alert  has  been  tested  in  Soviet 
exercises);  and 

—  no  other  complications,  such  as  panic,  severe 
disruption  of  transport  systems,  or  adverse 
weather  conditions. 

Figures  18,  19,  and  20  and  Table  V  summarize  the 
findings  of  the  DIA  dispersal  and  evacuation  study. 


TABLE  V 


DIA-Estimated  Time  Required  for  Evacuation 
of  Twelve  Selected  Soviet  Cities 


Estimated  time 

Numbers  Maximum  required  after 

evacuated  distance  movement  begins 


City 

(thousands)  * 

(km) 

W 

(hows)* 

Modes  of  transport 

s 

117+ 

mostly  rail,  some 
maritime 

1.407 

no 

60 

36 

rail  and  highway 

1.158 

260 

140 

81 

rail 

914 

315 

170 

75 

rail  and  highway 

718 

« 

58 

mosdy  rail,  some 
maritime 

684 

185 

100 

57 

rail 

351 

410  » 

220 1 

56 

rail 

288 

185 

100 

47 

rail 

331 

75 

40 

39 

rail  and  highway 

187 

165 

90 

29 

highway 

164 

410  • 

220* 

42 

rail 

141 

95 

50 

25 

rail 

1  Represents  70  percent  of  city's  inhabitants. 

1  Movement  begins  six  hours  after  the  alert  Methodology  utilized  in  calculating  evacuation  times 
considers  variables  such  as  running  speeds,  loading  and  unloading  rates,  and  sequences  of  unloading 
dictated  by  availability  of  facilities.  Since  these  variables  are  not  known  quantities  but  judgments  based  on 
available  evidence,  the  resulting  figures  for  total  evacuation  time  are  approximate  rather  than  exact  values. 

*  Leningrad  can  accommodate  some  90  large  oceangoing  ships  which  could  offload  evacuees  at  various 
ports  along  the  Baltic  coast,  but  a  cycle  time  of  three  to  four  days  b  estimated  before  ships  can  return  for 
more  evacuees. 

4  Odessa,  which  can  handle  some  38  oceangoing  ships,  could  offload  evacuees  in  Romania  and  Bulgaria, 
but  the  cvde  time  for  return  of  ships  is  four  or  more  days. 

*  Distances  for  Khabarovsk  and  Angarsk  are  greater  than  for  larger  cities  because  of  low  population 
density  in  surrounding  areas. 
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Figure  21.  US  Testing  of  Soviet-Designed  Shelter 

Sponsored  by  the  Oak  Ridge  National  Laboratory,  untrained  US  citixens  constructed  and 
lived  in  Soviet-designed  hasty  shelters  such  as  that  in  the  photograph.  Normally,  as  part  of 
the  testing,  a  family  averaging  six  persons  built  and  occupied  a  shelter  within  36  hours  to 
receive  a  cash  bonus.  They  followed  plans  from  a  Soviet  civil  defense  handbook,  such  as  the 

sketch  shown. 


[This  survived  a  simulated  1  megaton  blast  1  mile  away] 
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Nuclear  War  Survival  Skills 
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[Note:  Kearny  was  inspired  to  write  this  by  the 

USSR  manuals  like  "Antiradiation  shelters  in 
Urban  Areas",  1972,  English  translation: 
Oak  Ridge  Nat.  Lab.,  ORNL-TR-2745.] 

Oak  Ridge  National  Laboratory 
Oak  Ridge,  Tennessee 


September  1979 


Summary 


Underlying  the  advocacy  of  Americans' learning 
these  down-to-earth  survival  skills  is  the  belief  that  if 
one  prepares  for  the  worst,  the  worst  is  less  likely  to 
happen.  Effective  American  civil  defense  prepara- 
tions would  reduce  the  probability  of  nuclear 
blackmail  and  war.  Yet  in  our  world  of  increasing 
dangers,  it  is  significant  that  the  United  States  spends 
much  less  per  capita  on  civil  defense  than  many  other 
countries.  The  United  States'annual  funding  is  about 
50  cents  per  capita,  whereas  Switzerland  spends 
almost  SI  I  and,  most  importantly,  the  Soviet  Union 
spends  approximately  $20. 

In  the  first  chapter  the  myths  and  facts  about  the 
consequences  of  a  massive  nuclear  attack  are 
discussed.  As  devastating  as  such  an  attack  would  be, 
with  adequate  civil  defense  preparations  and  timely 
warning  much  of  the  population  could  survive. 


One  appendix  of  the  handbook  gives  detailed, 
field-tested  instructions  for  building  six  types  of 
earth-covered  expedient  fallout  shelters,  with  criteria 
to  guide  the  choice  of  which  shelter  to  build.  The 
design  features  of  several  types  of  expedient  blast 
shelters  are  described  in  another  appendix.  Two 
others  contain  instructions  for  making  an  efficient 
shelter-ventilating  pump  and  a  homemade  fallout 
meter  that  is  accurate  and  dependable.  Both  of  these 
essentials  can  be  made  with  inexpensive  materials 
found  in  most  households.  Drawings  are  used 
extensively,  as  are  photographs  of  people  actually 
building  and  living  in  the  various  shelters. 

This  first-of-its-kind  report  is  primarily  a 
compilation  and  summary  of  civil  defense  measures 
and  inventions  developed  at  ORNL  over  the  past 
14  years  and  field-tested  in  six  states,  from  Florida  to 
Utah. 


•  Myth:  Fallout  radiation  from  a  nuclear  war 
would  poison  the  air  and  all  parts  of  the  environment. 
It  would  kill  everyone,  (This  is  the  demoralizing 
message  of  On  the  Beach  and  many  similar  pseudo- 
scientific  books  and  articles.) 

•  Myth:  A  heavy  nuclear  attack  would  set 
practically  everything  on  fire,  causing  "firestorms'1 


•  Myth:  In  the  worst-hit  parts  of  Hiroshima  and 
Nagasaki  where  all  buildings  were  demolished, 
everyone  was  killed  by  blast,  radiation,  or  fire. 

•  Myth:  Because  some  modern  H-bombs  are  over 
1000  times  as  powerful  as  the  A-bomb  that  destroyed 
most  of  Hiroshima,  these  H-bombs  are  1000  times  as 
deadly  and  destructive. 


These  exaggerations  have  become  demoralizing 
myths,  believed  by  millions  of  Americans. 


HIROSHIMA.    Typical,    part    below   ground,    earth-  NAGASAKI.    Typical  small  earth-covered  back  yard 

covered,  timber  framed  shelter  300  yds.  from  the  centre  of  damage  shelter  with  crude  wooden  frame,  less  than  100  yds.  from  the  centre  of  damage 
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Methods  for  shoring  a  trench  shelter. 


EARTH  ARCHING  USED  TO 
STRENGTHEN  SHELTERS 


Mound  height  = 
half  trench  width 


A  familiar  example  of  effective  earth  arching  is 
:  its  use  with  sheet  metal  culverts  under  roads.  The 
arching  in  a  few  feet  of  earth  over  a  thin-walled 
culvert  prevents  it  from  being  crushed  by  the  weight 
of  heavy  vehicles. 


SHELTER 
AREA 


Kearny  air  pump. 
IWI 


PULL  CORD  SLACK 
DURING  RETURN 
STROKE 

\ 


DOOR  CASINO 


r  .  ,  AIR  FLOW. 

PULL  CORD  *Vv  ^^v^>>^ 
PULLING         >C  n  ^-*^V^ 


SWINGING 
PUMP  FRAME 


COVERING  OVER  UNUSED 
LOWER  PART  OF  DOORWAY- 


FLAPS 
CLOSED 

(POWER  STROKE 
OF  THIS  SAME  PUMP) 


Soviet  design  for  pole  shelter  adapted  for  American  use 
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VERTICAL  SECTION  A-A 
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VERTICAL  SECTION  D-D 
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VERTICAL  SECTION  C-C 
PLAN  AND  ELEVATION  OF  SMALL-POLE  SHELTER. 


PREVENTION  OF  THYROID  DAMAGE 
FROM  RADIOACTIVE  IODINES 

An  extremely  small  and  inexpensive  daily  dose 
of  the  preferred  non-radioactive  potassium  salt, 
potassium  iodide  (Kl),  if  taken  V:  hour  to  1  day  before 
exposure  to  radioactive  iodine,  will  reduce  later 
absorption  of  radioactive  iodine  by  the  thyroid  to 
only  about  1%  of  what  the  absorption  would  be 
without  this  preventive  measure.  Extensive  experi- 
mentation and  study  have  led  to  the  Federal  Drug 
Administration's  approval  of  130-milligram  (130- 
mg)  tablets  for  this  preventive  (prophylactic)  use 
only.  A  130-mg  dose  provides  the  same  daily 
amount  of  iodine  as  does  each  tablet  that  English 
authorities  for  years  have  placed  in  the  hands  of  the 
police  near  nuclear  power  plants,  for  distribution  to 
the  surrounding  population  in  the  very  unlikely  event 
of  a  major  nuclear  accident.  It  is  quite  likely  that  a 
similar-sized  dose  is  in  the  Russian  "individual, 
standard  first-aid  packet."  According  to  a  compre- 
hensive Soviet  1969  civil  defense  handbook,  this 
first-aid  packet  contains  "anti-radiation  tablets 
and  anti-vomiting  tablets  (potassium  iodide  and 
etaperain)." 


READ  GAP  FROM  12  INCHES  OVER  TOP 


STOP 
THREAD 


TABLE  USED  TO  FIND  DOSE  RATES  (R/HR) 

Reading  in  mm  is  difference  in  gap  between 
aluminium  leaves,  before  and  after  exposure 

TIME  INTERVAL  OF  RADIATION  EXPOSURE 
15  SEC  1  MIN  4MIN  16MIN  1  HR 


Reading 

R/HR 

R/HR 

R/HR 

R/HR 

R/HR 

2  MM 

6.2 

1.6 

0.4 

0.1 

0.03 

4  MM 

12 

3.1 

0.8 

0.2 

0.06 

6  MM 

19 

4.6 

1.2 

0.3 

0.08 

8  MM 

25 

6.2 

1.6 

0.4 

0.10 

10  MM 

31 

7.7 

2.0 

0.5 

0.13 

12  MM 

37 

9.2 

2.3 

0.6 

0.15 

14  MM 

43 

11 

2.7 

0.7 

0.18 

Thread  for  suspending  aluminium  foil  plates  must  be  an  insulator  (not  conductor).  Most  thread  is 
anti-static  (conducting)  and  no  use.  Clean  human  hair  dental  floss,  or  fishing  line  can  be  used. 
Alternatively,  thin  (about  3  mm  wide)  strips  of  flexible  plastic  from  plastic  bags  can  be  used. 

CHARGE  HERE  WITH  COMB  OR  TAPE 


2.5  INCH  INSULATED 
CHARGING  WIRE 


8- 


PLY  (FOLDED** 
3  TIMES)  m 
ALUMINIUM^  • 
«  FOIL  LEAF  5§8 


1.5  INCHES 


STOP 
.THREAD 

HOLE  FOR 
THREAD 


— '    ANHYDRATE  CaS04 
GYPSUM  OR  BAKED  SILICA  GEL 
(DRYING 


TRANSPARENT  PLASTIC  COVER 
/   , 

f; 

THREAD 
0.4  INCH  FOLD 

REPELLING 
CHARGED 
PLATES 

RADIATION 
IONIZED  AIR 
DISCHARGES  PLATES 


1.25  INCHES 


(IN  >70%  HUMIDITY  USE  IN  DRY  BUCKET)  L 


1  i  I  i  1 
1  INCH 


j    METAL  CAN  WITH  LID  REMOVED 


Electroscope 
fallout  meter 
is  calibrated  by 
design  geometry 


V 


During  the  October 
1962  Cuban  crisis 
L.  W.  Alvarez  made 
can  fallout  meters 


Physics  for  geiger  counter  and  ionization  chamber 


Because  the  electrons  released  in  ionization  have  less  mass  than  the 
positive  ions,  they  will  reach  the  anode  before  the  positive  ions  reach 
the  cathode.    Precaution  must  be  taken  so  that  when  the  positive  ions 
reach  the  cathode  a  second  pulse  will  not  be  generated.    The  quenching 
gas  (alcohol-argon  mixture  or  halogen)  with  which  the  tubes  are  filled 
performs  this  function.    For  example,  in  an  alcohol-argon  filled  tube, 
when  a  positively  charged  alcohol  ion  of  the  quenching  gas  comes  to 
within  10"7  or  10~8  cm  of  the  cathode,  it  pulls  an  electron  from  the  cath- 
ode material  by  field  emission;  this  electron  neutralizes  the  ion, 
leaving  an  excited  molecule.    The  molecule  later  loses  its  excitation  by 
dissociating  into  two  uncharged  atomic  groups  resulting  in  no  ion  forma- 
tion.   Thus  the  positive  ions  are  neutralized  before  reaching  the  cathode, 
and  no  second  pulse  is  produced  from  the  initial  ionizing  event. 

The  life  of  an  alcohol-argon  filled  G-M  tube  is  normally  around  10s  counts 
or  100  days  of  continuous  operation  at  100  counts/sec.  Some  G-M  tubes 
are  filled  with  halogen  gas  which  performs  the  quenching  action  but  does 
not  dissociate;  therefore^  these  tubes  have  an  indefinite  life. 

A  finite  time  is  required  for  the  G-M  tube  to  register  one  pulse,  during 
which  time  another  ionizing  event  will  not  be  counted.    This  period  is 
called  the  "dead  time"  and  is  about  200  microseconds.    The  dead  time 
sets  the  limit  of  maximum  counting  rate  at  approximately  50,  000  c/m 
or  a  gamma  dose  rate  of  about  20  mrad/hr  in  the  G-M  tubes  used  in  the 
most  common  survey  instruments.    The  volume  and  "on- time11  of  a  G-M 
tube  may  be  altered  to  produce  tubes  capable  of  measuring  high  dose 
rates, but  with  a  sacrifice  in  sensitivity.    The  output  pulses  of  the  G-M 
tube  are  generally  measured  with  counting-circuit  radiacs  such  as  scalers 
or  count-rate  meters.   HENCE  MODRRN  80s  'TIME  TO  COUNT'  CIRCUIT  INNOVATION!! 


 ELECTRON  MULTIPLICATION  IN  A  G-M  TUBE  

NEUTRON  DETECTION 

filled  with  boron  tri 

fluoride  gas  (BFj),  using  a  moderator  for  fast -neutron  detection. 

B10  +  n1^Bll-^Li7  +  He4 

He4  is  the  alpha  particle  which  ionizes  the  gas  in  the  counter.    The  elec- 
trons go  to  the  anode  and  produce  a  pulse,  while  the  positive  ions  go  to  the 

cathode.   

NEUTRON  IN 


EVERYONE,  pros- 
pector or  not, 
should  have  a  Gei- 
ger  counter.  Many 
wise  householders 
are  assembling  sur- 
vival kits  of  food, 
bandages,  and  wa- 
ter. By  adding  this 
handy,  inexpensive 
radiation  detector, 
you  can  provide 
your  family  with  a 
means  of  detection 
of  contaminated  ma- 
terial in  the  event 
of  atomic  warfare. 
Simple  as  the  count- 
er may  be,  it  will 

detect  radiation  as  feeble  as  that  given  off 
by  a  watch  dial — or  it  could  make  you  rich 
by  locating  a  uranium  ore  vein. 

Construction  of  the  "Geiger  Gun"  is 
neither  expensive  nor  difficult.  The  case 
shown  is  made  of  }i6"  brass.  This  is  easily 
obtainable  and  readily  formed  to  any  shape. 
Actual  dimensions  of  the  case  are  deter- 
mined by  the  size  of  the  components  you 
obtain.  Location  of  the  parts  is  not  critical; 
however,  it  is  suggested  that  you  follow 
the  layout  illustrated. 

Capacitor  clips  are  used  to  hold  the  bat- 
teries. Scrape  away  the  wrapper  on  Bl  so 
that  the  bare  case  is  grounded  to  the  chas- 
sis through  the  metal  clip.  Do  not  do  this 
on  B2f  however;  care  should  be  used  here 
so  that  the  wrapper  will  not  tear  and  short 
out  the  amplifier  stage.  Other  battery  con- 
nections are  soldered  directly  to  the  poles. 

Use  another  large  clip  to  hold  capacitor 
CI  to  the  case.  Holes  are  drilled  in  the 
case  and  the  various  switches  and  phone 
jacks  are  added  where  convenient.  One- 
half  of  a  fuse  clip  holds  the  tiny  model 
airplane  spark  plug  in  place. 

Mount  the  Geiger  tube  on  the  front  of 
the  case.  A  miniature  tube  shield  should 
be  drilled  with  about  eight  small  holes  to 
allow  gamma  rays  to  strike  the  tube  sur- 
face directly.  Drill  a  hole  to  accept  a  small 
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HOW  IT  WORKS 

Operation  of  this  pocket-size  counter  is  simple. 
The  inexpensive  Geiger  tube  (VI)  is  charged  to  its 
1000-volt  operating  voltage  by  applying  a  small  cur- 
rent to  the  secondary  of  an  audio  output  transformer 
(7*7).  A  high  voltage  induced  in  the  primary  jumps 
the  gap  on  the  model  airplane  spark  plug  and  is 
stored  in  the  capacitor  (CI). 

After  about  ten  such  operations,  the  capacitor  is 
charged  to  a  point  that  will  operate  the  Geiger  tube. 
Normal  background  radiation  of  varying  intensity 
(depending  on  geographical  location)  will  be  present 
at  once  and  is  noted  in  the  form  of  clicks.  These 
faint  clicks  are  amplified  by  the  transistor  (TR1) 
and  heard  through  the  headphones. 


Ultra-simple  counter  useful 
on  camping  trips  or  in 
CD  survival  kit 


rubber  grommet  on  the  front  of  the  case,  in 
the  center  of  the  tube  shield  socket.  The 
anode  wire  of  the  Geiger  tube  enters  the 
case  through  this  insulated  hole.  Solder  or 
clip  a  lead  from  the  spark  cap  to  this 
anode  wire.  Ground  the  glass  shell  of  the 
tube  by  wrapping  it  with  soft  bell  wire 
which  is  grounded  to  the  chassis. 

Shape  a  pistol  grip  handle  from  wood, 
and  attach  it  to  the  bottom  of  the  case 
with  wood  screws.  A  hinge  can  be  added 
to  the  cover  for  easy  access  to  the  circuit. 
The  lid  is  secured  by  a  small  sheet  metal 
or  wood  screw  at  the  bottom  corner. 

When  wiring,  follow  the  schematic  close- 
ly. Be  careful  when  the  capacitor  is 
charged.  Although  not  deadly,  the  full 
charge  is  about  950  volts  and  can  produce 
an  uncomfortable  shock. 

After  wiring  is  complete,  test  the  unit 
by  plugging  in  the  headphones  and  pushing 
switch  81  sharply  and  rapidly  about  10  to 
12  times.  If  no  spark  appears  at  the  plug, 
minor  gap  adjustment  should  be  made. 
Turn  on  the  switch  on  the  amplifier.  (This 
switch  is  not  necessary  if  the  headphones 
are  removed  when  the  counter  is  not  in 
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Components  of  the  "Gei- 
ger  Gun"  are  identified  in 
view  at  right  with  cover 
open.  Follow  schematic 
diagram  (below,  right) 
in  wiring  the  counter. 
Parts  list  appears  below. 


Bl— IVz-volt  battery 

(Eveready  Pencell) 
B2—lV2-volt  battery 

(Eveready  #912) 
Cl—O.OS-ufd.,  1600^ 

w.v.d.c.  capacitor 
Rl — 1 -megohm  resistor 

51 —  Normally  open 
push-button  switch 

52—  S.p.s.t.  slide  switch 

Tl— 10,000-3.2  ohm  audio  output  transformer 
TR1—2N107  transistor  (General  Electric) 
V1—CK1026  Geiger  tube 

SPARK  PLUG — Miniature  model  airplane  type  (not 

a  "glow"  type  phig) 
1 — Miniature  tube  shield  and  socket 
I — Transistor  socket 

Misc.  fuse  clips,  headphone  jacks  or  plug,  thin 
brass  stock  for  case,  capacitor  clips,*' etc. 


COVER 


82 

HEAD 
PHONE 
JACKS 


WOOD 
GRIP 


use.)  When  a  radium  watch  dial  is  brought 
near  the  holes  on  the  tube  shield,  a  rash  Qf 
clicks  should  be  heard.  When  it  is  taken 
away,  the  normal  background  count  will 
be  resumed. 

As  a  strong  radiation  force  is  brought 
close  to  the  "Geiger  Gun/'  clicks  become 
more  rapid.  Any  increase  above  normal 
cosmic  ray  background  radiation  should  be 
investigated.  Keep  battery  Bl  fresh  for 
best  results. 

When  you  go  on  that  hunting  or  fishing 
trip,  take  this  handy  counter  along.  Re- 
member, uranium  is  where  you  find  it.  -gg- 


Safety  Computer  Forecasts  Atomic  Fall-out  Pattern 


How  "safe"  is  it  to  test  an  atom 
bomb  ?  Will  wind-blown  radioactive  dust 
or  charged  rain  clouds  endanger  life  or 
crops  in  inhabited  regions? 

The  National  Bureau  of  Standards 
recently  developed  a  "portable"  analog 
computer  to  assist  in  predicting  radio- 
active fall-out  from  a  nuclear  explosion. 
The  fall-out  pattern  appears  instantly 
on  oscilloscope  (left  of  photo)  after 
weather  data  and  the  size  and  type  of 
bomb  are  "told  to"  the  computer  by  set- 
ting dials.  As  computers  go,  "portable" 
means  that  it  will  fit  into  a  truck. 

Wind-carried  fall-out  even  from 
"small"  atomic  tests  has  traveled  as  far 
as  Paris  and  Tokyo  when  caught  in  the 
"jet  stream"  of  the  upper  atmosphere. 
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ATOMIC  DEMOLITION  MUNITIONS 

on  the  surface 

SEVERE  DAMAGE  RADII-METERS 


YirlA 

I  tc  LU 

_KT 

Materiel  classification 

ALFA/ 
.5 

BRA  VO/ 
1 

DELTA/ 
5 

ECHO/ 
10 

GOLF/ 
50 

HOTEL/ 
100 

Tunnels  and  mines 
Heavy  masonry  or  concrete 
dams  and  bridges 

50 

50 

125 

175 

225 

300 

Tanks  and  artillery 
Locomotives 
Supply  depots 
Engineer  earthmoving 

equip 
Field  fortifications 

75 

100 

175 

250 

450 

600 

Engineer  truck-mounted 
equip 

Earth-covered  surface  shelters 
Blast-resistant  reinforced 
concrete  bldgs 

100 

100 

200 

250 

400 

525 

Military  vehicles 
Railroad  cars 
Communications  equip 
Truss  and  floating  bridges 
Monumental-type  multistory 

wall -bearing  bldgs 
Heavy  steel  frame  industrial 

bldgs 

Multistory,  reinforced  concrete 
frame  bldgs 

150 

200 

375 

500 

950 

1,250 

Oil  storage  tanks 

Multistory,  reinforced  concrete 

bldgs  (small  window  area) 
Multistory,  steel  frame  office 

bldgs 

Light  steel  frame  industrial 
bldgs 

250 

300 

475 

650 

1,125 

1,425 

Multistory,  wall-bearing  bldgs 

(apt  house  type) 
Parked  combat  aircraft 

375 

450 

800 

1,000 

1,700 

2,125 

Wood  frame  bldgs 

375 

650 

1,050 

1,325 

2,275 

2,875  | 

Figure  12.  L 
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10,3   Damage  Criteria 

10.32   For  those  items  not  included  in  Table  VIII,  select  the  listed  item 
most  similar  in  those  characteristics-  discussed  previously  as 
being  the  important  factors  in  determining  the  extent  of.  damage 
to  be  expected.    Perhaps  the  most  important  item  to  be  remem- 
bered when  estimating  effects  on  personnel  is  the  amount  of 
cover  actually  involved.   This  cover  depends  on  several  items} 


however,  one  factor  is  all  important,  namely,  the  degree  of 
forewarning  of  an  Impending  atomic  attack.    It  is  obvious  that 


only  a  few  seconds  warning  is  necessary  under  most  conditions 
in  order  to  take  fairly  effective  cover.   The  large  number 
of  casualties  in  Japan  resulted  for  the  most  part  from  the 
lack  of  warning. 


ITEM 

DAMAGE 

TABLE  VIII 
AIR  REMARKS 
SHOCK 
PSI 

Artillery 
Field 
(75mm  ox 
greater) 

Severe 

Moderate 

Light 

AO 
30 
5 

Damage  to  Gun  and  Crad?e 
Damage  to  Recoil  and  Carriage 
Damage  to  Gun  Sights 

Artillery 
Field 
(Less  than 
75nm) 

Severe 

Moderate 

Light 

25 
15 
5 

Damage  to  Gun  and  Cradle 

Damage  to  Recoil  and  Loading  Mechanism 

Damage  to  Sights 

Reinforced 

Concrete 

fildgs. 

Severe 

Moderate 

light 

25 
10 

3 

Collapse 

Structural  damage 
Plaster  &  window  damage 

Steel,  heavy 
frame  Bldgs. 

Severe 

Moderate 

Light 

id 
22 
3 

Mass  distortion 
Structural  Damage 
Plaster  &  window  damage 

Steel,  light 
frame  Bldgs* 

Severe 

Moderate 

light 

10 

5 
3 

Mass  distortion 
Structural  Damage 
Plaster  &  window  damage 
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Personnel  in  structures.  A  major  cause  of 
personnel  casualties  in  cities  is  structural 
collapse  and  damage.  The  number  of 
casualties  in  a  given  situation  may  be 
reasonably  estimated  if  the  structural 
damage  is  known.  Table  6-1  shows 
estimates  of  casualty  production  in  two 
types  of  buildings  for  several  damage 
levels.  Data  from  Section  VII  may  be 
used  to  predict  the  ranges  at  which 
specified  structural  damage  occurs.  Dem- 
olition of  a  brick  house  is  expected  to 
result  in  approximately  25  percent  mor- 
tality, with  20  percent  serious  injury 
and  10  percent  light  injury.  On  the 
order  of  60  percent  of  the  survivors  must 
be  extricated  by  rescue  squads.  Without 
rescue  they  may  become  fire  or  asphyxi- 
ation casualties,  or  in  some  cases  be 
subjected  to  lethal  doses  of  residual 
radiation.  Reinforced  concrete  struc- 
tures, though  much  more  resistant  to 
blast  forces,  produce  almost  100  percent 
mortality  on  collapse.  The  figures  of 
table  6-1  for  brick  homes  are  based  on 
data  from  British  World  War  II  expe- 
rience. It  may  be  assumed  that  these 
predictions  are  reasonably  reliable  for 
those  cases  where  the  population  is  in  a 
general  state  of  expectancy  of  being 
subjected  to  bombing  and  that  most 
personnel  have  selected  the  safest  places 
in  the  buildings  as  a  result  of  specific 
air  raid  warnings.  For  cases  of  no 
prewarning  or  preparation,  the  number 
of  casual  ties  is  expected  to  be  considerably 
higher. 

6-2 


Glass  breakage  extends  to  considerably 
greater  ranges  than  almost  any  other 
structural  damage,  and  may  be  expected 
to  produce  large  numbers  of  casualties 
at  ranges  where  personnel  are  relatively 
safe  from  other  effects,  particularly  for 
an  unwarned  population. 

Table  6-1.    Estimated  Casualty  Production  in  Structures 
for  Various  Degrees  of  Structural  Damage 


1-2  story  brick  homes  (high  ex- 
plosive data): 

Severe  damage  

Moderate  damage   

Light  damage  


Killed 
outright 


Percent 

25 

<5 


Serious 
Injury 
(hospi- 
taliza- 
tion) 


Percent 
20 
10 
<5 


Light 
injury 
(No  hos- 
pitaliza- 
tion) 


Pertent 
10 
5 

<5 


Kote.  These  percentages  do  not  include  the  casualties  which  may  result 
from  fires,  asphyxiation,  and  other  causes  from  failure  to  extricate  trapped 
personnel.  The  numbers  represent  the  estimated  percentage  of  casualties 
expected  at  the  minimum  range  where  the  specified  structural  damage  occurs. 

Personnel  in  a  prone  position 
are  less  likely  to  be  struck  by  flying  mis- 
siles than  those  who  remain  standing. 

6-3 

Table  6-2.    Critical  Radiant  Exposures  for  Burns  Under 

Clothing 

(Expressed  in  eal/em2  incident  on  outer  surface  of  cloth) 


Clothing 

Burn 

1  KT 

100  KT 

10  MT 

Summer  Uniform  

1° 

8 

11 

14 

(2  lavers)  

2° 

20 

25 

35 

Winter  Uniform   

1° 

60 

80 

100 

(4  lavers)  

2° 

70 

90 

120 
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3.1  General 

For  a  surface  burst  having  the  same  yield  as  an 
air  burst,  the  presence  of  the  earth's  surface 
results  in  a  reduced  thermal  radiation  emission 
and  a  cooler  fireball  when  viewed  from  that  surface. 
This  is  due  primarily  to  heat  transfer  to  the  soil 
or  water,  the  distortion  of  the  fireball  by  the 
reflected  shock  wave,  and  the  partial  obscuration 
of  the  fireball  by  dirt  and  dust  (or  water)  thrown 
up  by  the  blast  wave. 

UNNULNIIAL  3-1 

Measurements  from  the  ground  of  the  total 
thermal  energy  from  surface  bursts,  although  not 
as  extensive  as  those  for  air  bursts,  indicate  that 
the  thermal  yield  is  a  little  less  than  half  that 
from  equivalent  air  bursts.  For  a  surface  burst  the 
thermal  yield  is  assumed  to  be  one-seventh  of  the 
total  yield. 

3-2 


Q=  jp  cal/sq  cm  (air  burst). 

and 

n   1.35X  106  W(f)  ,    ,     .  . 

9—   cal/sq  cm  (surface  burst). 

where  Q=radiant  exposure  (cal/sq  cm) 
7=  atmospheric  transmissivity 
H7=  weapon  yield  (KT) 
D— slant  range  (yds). 

The  differences  between  the  air  burst  and 
surface  burst  curves  are  caused  by  the  difference 
in  apparent  radiating  temperatures  (when  viewed 
from  the  ground)  and  the  difference  in  geometrical 
configuration  of  the  two  types  of  burst . 

50  mile  visibility  and  5  gm/m3  water  vapor. 
10  mile  visibility  and  10  gm/m3  water  vapor. 


3.3   Radiant  Exposure  vs.  Slant  Range 

a.  Spectral.  Characteristics.  At  distances  of 
operational  interest,  the  spectral  (wavelength) 
distribution  of  the  incident  thermal  radiation, 
integrated  with  respect  to  time,  resembles  very 
closely  the  spectral  distribution  of  sunlight. 
For  each,  slightly  less  than  one-half  of  the  radia- 
tion occurs  in  the  visible  region  of  the  spectrum, 
approximately  one-half  occurs  in  the  infrared 
region  and  a  very  small  fraction  (rarely  greater 
than  10  percent)  lies  in  the  ultraviolet  region  of 
the  spectrum.  The  color  temperature  of  the  sun 
and  an  air  burst  are  both  about  6,000°  K.  A 
surface  burst,  as  viewed  by  a  ground  observer, 
contains  a  higher  proportion  of  infrared  radiation 
and  a  smaller  proportion  of  visible  radiation  than 
the  air  burst,  with  almost  no  radiation  in  the 
ultraviolet  region.  The  color  temperature  for  a 
surface  burst  is  about  3,000°  K.  A  surface  burst 
viewed  from  the  air  may  exhibit  a  spectrum  more 
nearlv  like  an  air  burst. 
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FIGURE  3-5B 


ATMOSPHERIC  TRANSWllSSIVITY 
VS.  SLANT  RANGE-AIR  AND 
SURFACE  BURSTS 
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Table  1B-S.    Critical  Radiant  Exposure  Values  for  Various  Materials 


Material 


Sandbags:  Cotton  canvas,  dry,  filled 

Wood,  white  pine  

White  pine,  given  protective  coating 


Critical  radiant  exposure 
Q„  (cal/sq  cm) 


I  KT 


10 
10 
40 


100  KT    10  MT 


18 
18 
71 


32 
32 
126 
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SECTION  VII 
DAMAGE  TO  STRUCTURES 


7.1  General 

Tunnels  in  solid  rock  are  difficult  to  destroy  by 
explosions  of  nuclear  weapons.  In  this  case,  the 
shock  wave  is  transmitted  through  the  rock. 
When  it  reaches  the  tunnel  the  wave  is  reflected 
as  a  tensile  wave,  and  there  is  a  tendency  for  the 
rock  to  spall  or  become  detached  from  the  rock- 
tunnel  interface.  Use  of  tunnel  linings  materially 
reduces  this  spelling.  Mass  crushing  of  the  rock 
and  filling  of  the  tunnel  occurs  closer  to  the  burst 
point. 

7.4   Field  Fortifications 

a-  Air  Blast  Air  blast  is  the  controlling 
damage-producing  mechanism  for  destruction  of 
field  fortifications,  including  those  reinforced, 
revetted  or  covered.  Definitions  of  severe,  mod- 
erate, and  light  damage  levels  to  various  types  of 
field  fortifications  are  given  in  table  7-4.  These 
damage  levels  are  based  upon  various  degrees  of 
collapse  and  structural  failure  except  for  un- 
revetted  trenches  and  foxholes,  which  have  dam- 
age levels  based  on  degree  of  filling  caused  by 
collapse  of  the  walls  and  by  filling  with  dust  and 
debris.  Areas  covered  with  loose  material,  such 
as  sand  and  gravel,  may  provide  sufficient  dust 
and  debris  to  completely  fill  a  trench  or  foxhole, 
whereas  areas  with  stable  vegetation  or  areas  of 
dry  silty  soil  may  not  provide  significant  quanti- 
ties of  dust  and  debris  to  appreciably  fill  a  trench 


or  foxhole.  Collapse  of  the  walls  of  foxholes  and 
trenches  by  air  blast  and  air  induced  ground 
shock  is  usually  not  significant  except  at  ranges 
less  than  those  shown  for  severe  damage  in  figure 
7-22* 

Table  7-4.    Damage  Criteria  for  Field  Fortification* 
Description  Severe 

Unrevetted  trenches  and  fox-    The  trench  or  foxhole  is 
holes  with  or  without  light       at  least  50  percent 
cover.  filled  with  earth. 

FIGURES  7-20—7-22 

The  curves  in  figure  7-22  are  based  on  results 
of  tests  run  in  a  consolidated  dry  sand  and  gravel 
soil.  Trenches  and  foxholes  in  damp  soil  with 
stable  vegetation  or  dry  eilty  soil  will  receive 
moderate  and  severe  damage  at  ranges  less  than 
those  shown  in  figure  7-22.  The  curves  of  figure 
7-22  are  for  average  rectangular  foxholes  with  the 
longitudinal  axis  perpendicular  to  the  direction  of 
air  blast  propagation.  Damage  will  be  equal  or 
less  for  other  orientations. 

Given:  A  50  KT  burst  at  an  altitude  of  1,000 
feet. 

Find:  To  what  horizontal  distance  there  is  a 
50  percent  probability  of  severe  damage 
to  an  unrevetted  foxhole  in  a  dry, 
consolidated  sand  and  gravel  soil. 

Solution:  680  yards. 

Approximately  20  psl  peak  overpressure 


Table  7-8.    Damage  Criteria  for  Underground  Structures 


Structure 

Damage 

Damage  distance 

Remarks 

Relatively  small,  heavy,  well  designed  under- 
ground targets. 

Relatively  long,  flexible  targets,  such  as 
buried  pipelines,  tanks,  etc. 

(Severe  

t  Light  

[Severe  

<  Moderate... 
Light  

\%R.  

2*  

i#R*  

2Rm  

2H  to  3ft.  

Collapse. 

Slight    cracking,    severance    of  brittle 

external  connections. 
Deformation  and  rupture. 
Slight  deformation  and  rupture. 
Failure  of  connections.    (Use  higher  value 
for  radial  orientation  of  connections.) 

Note,  i?.- Apparent  Crater  Radius. 
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Center  Thick-  Wind 
Yield  height   ness  Radius  speed 
(kt)     <m>      (ra)      (m)  (km/hr) 


1    2,840  1760 
10    7,000  3060 
100  11,700  5340 


920  39.6 
2400  70.2 
6000  72.0 


Rainout  through  entire  cloud 


1<T 


RAINOUT 


Precipitation  required  to  de- 
posit the  vertical  integral  on 
the  ground. 

Amount  of 
precipitation  (cm) 


1-kt 
cloud 


10 -kt 
cloud 


100-kt 
cloud 
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FOREWORD 


This  edition  of  the  Capabilities  of  Nuclear  Weapons  represents  the  continuing  efforts  by  the  Defense 
Nuclear  Agency  to  correlate  and  make  available  nuclear  weapons  effects  information  obtained  from  nuclear 
weapons  testing,  small-scale  experiments,  laboratory  effort  and  theoretical  analysis.  This  document  presents 
the  phenomena  and  effects  of  a  nuclear  detonation  and  relates  weapons  effects  manifestations  in  terms  of 
damage  to  targets  of  military  interest.  It  provides  the  source  material  and  references  needed  for  the 
preparation  of  operational  and  employment  manuals  by  the  Military  Services. 

The  Capabilities  of  Nuclear  Weapons  is  not  intended  to  be  used  as  an  employment  or  design  manual  by 
itself,  since  more  complete  descriptions  of  pheno  me  no  logical  details  should  be  obtained  from  the  noted 
references.  Every  effort  has  been  made  to  include  the  most  current  reliable  data  available  on  31  December 
1971  in  order  to  assist  the  Armed  Forces  in  meeting  their  particular  requirements  for  operational  and  target 
analysis  purposes* 

Comments  concerning  this  manual  axe  invited  awl  should  be  addressed: 


Director 

Defense  Nuclear  Agency 
ATTN:  STAP 
Washington,  D,  C.  20305 


C.  H,  DUNN 
Lt  General,  USA 
Director 
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Tronttotionol  Blest 
Force 


EFFECTIVE  SLOPE  ANGLE  fctagrats) 
Figure  2-63.  Peak  Overpressure  Produced 
on  •  Slope  by  a  10-psi  Incident 
Mach  Stem  at  •  Function  of  a  Slope  Angle 


A  parameter  that  is  useful  for  calculating  ther- 
mal response  of  materials  is  the  characteristic 
thermal  response  time  r0 ,  given  by  the  equation 


ro  =  PcpL2/k  sec> 


where  k  is  thermal  conductivity  (cal-sec*1 
cm'^C1 ),  pCp  is  heat  capacity  per  unit  volume 
(p  =  density  in  g-cm"3  and  C  s  specific  heat  at 
constant  pressure  in  cal-g*1  Cl  ),  and  L  is  the 
thickness,  in  centimeters,  of  the  layer  of 
material. 

The  quantity 


a This  equation  is  useful,  but  it  is  -by  no  means  exact.  The 
ified  heat-flow  analysis  from  which  this  equation  is  derived 
neglects  the  effects  of  radiation  and  convection  heat  losses  from 
the  surfaces  of  the  exposed  sample.  It  also  assumes  an  isotropic 
medium,  i.e..  a  medium  whose  structure  and  properties  in  the 
neighborhood  of  any  point  are  the  same  relative  to  all  directions 
through  the  point.  It  also  neglects  the  changes  in  thermal  prop- 
erties that  occur  as  the  exposed  material  heats,  volatifees,  chars, 
and  bursts  into  flame. 


The  heat  absorbed  by  the  wood  before  it  begins 
to  scorch  is  equal  to  the  product  of  the  incident 
radiant  energy.  Q,  and  the  absorption  coeffi- 
cient, A. 


is  called  thermal  diffusivity  (cm2  /sec).  Use  of 
this  quantity  simplies  the  previous  equation  to 
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Oi 


sec. 


For  any  particular  material  exposed 
to  a  rectangular  pulse  of  length  r,  the  previous 
equation  can  be  transformed  to  give  a  character- 
istic thickness 

6  =  \/ckt  cm. 

for  which  the  characteristic  time  is  equal  to  the 
pulse  duration.  If  a  thick  slab  of  this  material  is 
exposed  to  a  pulse  of  length  r.  the  temperature 
rise  at  the  surface  is  the  same  as  would  be  pro- 
duced by  uniformly  distributing  the  absorbed 
thermal  energy  in  a  slab  of  thickness  6.  and  the 
peak  temperature  rise  at  depth  6  in  the  thick 
slab  is  about  half  as  great  as  the  peak  tempera- 
tmejjse  at  the  surface. 

For  example,  consider  a  block  of  red 
pine  that  is  exposed  to  1 5  cal/cm2  from  a  rec- 
tangular pulse  of  3  seconds  duration.  From 
Table  9-1. 


6  =  y/ocr  =  V(24  x  10  3  )(3)  =  0.085  cm. 
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where  AT  is  the  peak  lemperature  rise  at  the 
surface  The  parameters  that  define  the  thermal 
pulse  may  be  separated  from  those  that  define 
the  material  properties,  and 

For  a  fixed  rectangular  pulse.  Q!\'T\s  a  con- 
stant, and  the  equation  may  be  written 


A7*.  =  (A* » 


(  V^) 


Sustained  ignition  only  occurs 
when  higher  radiant  exposures  raise  the  tempera- 
ture throughout  the  thickness  of  the  cellulose  to 
a  level  that  is  sufficiently  high  to  sustain  the 
flow  of  combustible  gases  from  breakdown  of 
the  fuel.  It  is  difficult  to  supply  sufficient 
energy  with  short  pulses,  since  a  large  amount  of 
the  energy  that  is  deposited  is  carried  away  by 
the  rapid  ablation  of  the  thin  surface  layer.  This 
transient  flaming  phenomenon  is  typical  of  the 
response  of  sound  wooden  boards  to  a  thermal 
pulse. 
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Table  9-1. 


Thermal  Properties  of  Materials' 


Materials 


Density,  p 
(gm/cra3) 


Specific 


Heat,  C 


(cal/gm  *  %C)     (cal/sec  •  cm  •  *C) 


Conductivity,  k 


Diffusivity,  ct 
(cm2/sec) 


insulating  Materials 


Air 

OiA  v  irr* 

3P.«tO   A  JU 

0  OA 

0.55  x 

KT4 

V.£«; 

0  7Ci 

4.0 

X 

AO 

HV* 

x  10"* 

001M 

04 

1.2 

X 

10"4 

25 

x  10"4 

-A  IV 

flrtr^   /rnmtnnn  r»st\ 
E>1 Hit   \LUIilJJIUII  IW/ 

1  8 

0  7 

Io. 

X 

10"4 

1 V 

18 

x  10*4 

A  IV 

Celluloid 

I  4 

X 

io-4 

10 

x  IO-4 

fVittAn    cat**n  arppn 

VUHUll,  gfCCIJ 

V,  /V 

0  35 

1  c 

X 

IO"4 

2  5 

x  IO*4 

A    J  V 

Fir  Dottolas- 

sorinc  growth 

0.29 

0.4 

2. 

X 

10"4 

17. 

x  IO"4 

summer  growth 

1.00 

0.4 

5. 

X 

io-4 

12. 

x  IO"4 

Fir,  white 

0.45 

0.4 

X 

IO"4 

14. 

x  10"4 

Glass  window 

2 1 

0.2 

10 

X 

IO"4 

43 

x  10"4 

Granite 

2.5 

0.19 

OO. 

v 
A 

ict4 

140. 

x  10*4 

Leather  sole 

1.0 

0.36 

3  R 

v 
A 

10"4 

11. 

x  10"4 

Maho&anv 

0.53 

0.36 

A 

10"4 

16. 

x  10"4 

Ma  nle 

l*Jtl  L/l V 

0.72 

0.4 

4.5 

X 

io-4 

16. 

x  10"4 

Oak 

0.82 

0.4 

5.0 

X 

io-4 

15. 

x  IO"4 

Pine*  white 

0.54 

0.33 

3.6 

X 

io-4 

18. 

x  10"* 

Pinp  rpd 

0  51 

04 

5. 

X 

IO"4 

24 

x  IO"4 

IxUUUClf  114  J  U 

1  7 

0  5 

3.6 

X 

to*4 

60 

x  10"4 

0  4 

4.1 

X 

IO"4 

16 

x  IO*4 

Metals  (100°C) 

Aluminum 

2.7 

0.22 

0.49 

1.0 

Cadmium 

8.65 

0.057 

0.20 

0.45 

Copper 

8.92 

0.094 

0.92 

1.1 

Gold 

19.3 

0.031 

0.75 

1.2 

Lead 

11.34 

0.031 

0.081 

0.23 

Magnesium 

1.74 

0.25 

0.38 

0.87 

Platinum 

21.45 

0.027 

0.17 

0.29 

Silver 

10.5 

0.056 

0.96 

1.6 

Steel,  mild 

7.8 

0.11 

0.107 

1.2 

Tin 

6.55 

0.056 

0.14 

0.38 

Miscellaneous  Materials 

Ice  (0*C) 
Water 

Skin  (porcine,  dermis,  dead) 
Skin  (human,  living,  averaged 

for  upper  0.1  cm) 
Polyethylene  (black) 


0.92 

0.492 

54. 

x  IO"4 

120. 

x  IO"4 

1.00 

1.00 

14. 

x  IO"4 

14. 

x  IO"4 

1.06 

0.77 

9. 

x  IO"4 

11. 

x  10"4 

1.06 

0.75 

8. 

x  io*4 

30. 

x  10"4 

0.92 

0.55 

8. 

x  icr* 

17. 

x  tar4 
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If  the  pulse  is  of  long  duration,  the  igni- 
tion threshold  rises  because  the  exposed  material 
can  dissipate  an  appreciable  fraction  of  the 
energy  while  it  is  being  received.  For  very  long 
rectangular  pulses  an  irradiance  of  about  0.5  cal  * 

cm*2 sec*1  is  required  to  ignite  the  cellulose. 
Heat  supplied  to  the  material  at  a  slow  rate  is 
just  sufficient  to  offset  radiative  and  convective 
heat  losses,  while  maintaining  the  cellulose  at 
the  ignition  temperature  of  about  300°C. 

9-19 

Most  thick,  dense  materials  that  ordinar- 
ily are  considered  inflammable  do  not  ignite  to 
persistent  flaming  ignition  when  exposed  to 
transient  thermal  radiation  pulses.  Wood,  in  the 
form  of  siding  or  beams,  may  flame  during  the 
exposure  but  the  flame  is  extinguished  when  the 
exposure  ceases. 

■ 

9-25 


Thermal  flash  on  forest  leaf  canopy  produces  smoke-screen 
(in  Nevada  and  Pacific  nuclear  tests),  shadowing  dry  leaf  litter 

Fuels  seldom  burn  vigorously,  regardless  of 
The  high  degree  of  shading  by  tree  crowns    wind  conditions,  when  fuel  moisture  content  ex- 
and  stems  for  detonations  at  or  below  the  canopy    ceeds  about  1 6  percent.  This  corresponds  to  an 
level  often  may  be  offset  by  scattering  of  burn-    equilibrium  moisture  content  for  a  condition  of 
ing  debris  ignited  within  the  fireball         15-59    80  percent  relative  humidity. 


ioo 


0 

10  20 
Figure  15-41. 
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Table  15-13 

Burning  Du 

rations  by  Fuel  Type 

Violent  Burning 

Residue 

al  Burning 

Fuel  Type 

Time 
(mm) 

Energy 
Release 
(percent) 

Time 
(mm) 

Energy 
Release 
(percent) 

Total  Burning 
Time 

Grass 

1.5 

90 

0.S 

10 

30  min 

light  Brush 
(12  tons/acre) 

2. 

60 

6. 

40 

16  hr 

Medium  Brush 

(25  tons/acre) 

6. 

SO 

24. 

SO 

36  hr 

Heavy  Brush 
(40  tons/acre) 

10. 

40 

70. 

60 

72  hr 

Timber 

24. 

17 

157. 

83 

7  days 

Table  16-11' 


Criteria  of  "No-Spread"  of  Fires 


Fuel  Type 


Criteria 


All  forest  fuels 


Over  I  inch  of  snow  on  the  ground  at  the  nearest  weather  stations. 


Grass 


Relative  humidity  above  60  percent. 


Brush  or  hardwoods 


0.1  inch  of  precipitation  or  more  within  the  past  7  days  and: 
Wind  0-3  mph;  relative  humidity  60  percent  or  higher,  or 
Wind  4-10  mph;  relative  humidity  75  percent  or  higher,  or 
Wind  1 1  -25  mph;  relative  humidity  85  percent  or  higher. 


Conifer  timber 


1 .  One  day  or  less  since  at  least  0.25  inch  of  precipitation  and: 


Wind  0-3  mph;  relative  humidity  50  percent  higher,  or 
Wind  4-10  mph;  relative  humidity  75  percent  higher,  or 
Wind  1 1-25  mph;  relative  humidity  85  percent  or  higher. 

2.  Two  to  three  days  since  at  least  0.25  inch  of  precipitation  and: 

Wind  0-3  mph;  relative  humidity  60  percent  or  higher,  or 
Wind  4-10  mph;  relative  humidity  80  percent  or  higher,  or 
Wind  1 1-25  mph;  relative  humidity  90  percent  or  higher. 

3.  Four  to  Ave  days  since  at  least  0.25  inch  of  precipitation  and  wind  0-3  mph;  relative 
humidity  80  percent  or  higher. 

4.  Six  to  seven  days  since  at  least  0.25  inch  of  precipitation  and  wind  0-3  mph;  relative 
humidity  90  percent  or  higher. 


shielding  from  the  wind  and  shading  from  sun- 
light by  the  canopy.  The  spread  or  no-spread 
criteria  are  summarized  in  Table  15-11.  This 
table  lists  the  conditions  under  which  fire  would 


faster).  This  failure  to  spread  often  may  be  at- 
tributable to  lack  of  fuel  continuity  around  the 


expected  to  spread. 


I  ■  The  criteria  of  Table  15-11  are  considered 
tobe  reliable  for  American  forests  and  suitably 
conservative  to  assure  a  low  level  of  hazard  to 
friendly  forces.  On  the  other  hand,  the  criteria 
are  probably  not  overly  conservative  to  predict 
conditions  for  which  enemy  forces  may  be  denied 
forested  areas  because  of  fire  whenever  the  local 
weather  history  and  conditions  at  the  time  of 


of  origin. 


|  |  The  criteria  of  Table  15-11  have  been 
compared  to  the  records  of  4,378  wildland  fires. 
Of  the  fires  for  which  "no  spread"  would  be  pre- 
dicted, 97.8  percent  did  not  spread:  only  40  per- 
cent of  the  fires  that  were  predicted  to  spread 
actually  did  spread  (at  a  rate  of  0.005  mph  or 
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SURVIVAL  IN  FIRE  AREAS 


The  best  documented  fire  storm  in  his- 
tory![but  not  the  one  causing  the  greatest  loss  of 
life)  occurred  in  Hamburg,  Germany  during  the 
night  of  July  27-28,  1943,  as  a  result  of  an 
incendiary  raid  by  Allied  forces.  Factors  that 
contributed  to  the  fire  included  the  high  fuel 
loading  of  the  area  and  the  large  number  of 
buddings  ignited  within  a  short  period  of  time. 

p  The  main  raid  lasted  about  30  minutes. 
Since  the  air  raid  warning  and  the  first  high  ex* 
plosive  bombs  caused  most  people  to  seek  shel- 
ter, few  fires  were  extinguished  during  the  at- 
tack. By  the  time  the  raid  ended,  roughly  half 
the  buildings  in  the  5  square-mile  fire  storm  area 
were  burning,  many  of  them  intensely.  The  fire 
storm  developed  rapidly  and  reached  its  peak  in 
twoor  three  hours. 

mm  Many  people  were  driven  from  their 
shelters  and  then  found  that  nearly  everything 
was  burning.  Some  people  escaped  through  the 
streets;  others  died  in  the  attempt;  others  return- 
ed to  their  shelters  and  succumbed  to  carbon 
monoxide  poisoning. 

mm  Estimates  of  the  number  that  were  killed 
range  from  about  40,000  to  55,000.  Most  of  the 
deaths  resulted  from  the  fire  storm.  Two  equally 
heavy  raids  on  the  same  city  (one  occurred  two 
nights  earlier;  the  other,  one  night  later)  did  not 
produce  fire  storms,  and  they  resulted  in  death 
rates  that  have  been  estimated  to  be  nearly  an 
order  of  magnitude  lower. 

ft  More  surprising  than  the  number  killed 
is He  number  of  survivors.  The  population  Of 
the  fire  storm  area  was  roughly  280,000.  Esti- 
mates have  been  made  that  about  45,000  were 
rescued,  53,000  survived  in  non-basement  shel- 
ters, and  140,000  either  survived  in  basement 
shelters  or  escaped  by  their  own  initiative. 

9-25  Causes  of  Death 

£  ^  The  evidence  that  can  be  reconstructed 
from  such  catastrophes  as  the  Hamburg  fire 


storm  indicates  that  carbon  monoxide  and  ex- 
cessive heat  are  the  most  frequent  causes  of 
death  in  mass  fires.  Since  the  conditions  that 
offer  protection  from  these  two  hazards  gener- 
ally provide  protection  from  other  hazards  as 
well,  the  following  discussion  is  limited  to  these 
two  causes  of  death. 

J  ^  Carbon  Monoxide.  Burning  consists  of  a 
series  of  physical  and  chemical  reactions.  For 
most  common  fuels,  one  of  the  last  of  the  reac- 
tions is  the  burning  of  carbon  monoxide  to  form 
carbon  dioxide  near  the  tips  of  the  flames.  If  the 
supply  of  air  is  limited,  as  it  is  likely  to  be  if  the 
fire  is  in  a  closed  room  or  at  the  bottom  of  a  pile 
of  debris  from  a  collapsed  building,  the  carbon 
monoxide  will  not  burn  completely.  Fumes  from 
the  fire  will  contain  a  large  amount  of  this  taste- 
lesSjOdorless,  toxic  gas. 

p  During  the  Hamburg  fire,  many  base- 
ment shelters  were  exposed  to  fumes.  Imperfect- 
ly fitting  doors  and  cracks  produced  by  explod- 
ing bombs  allowed  carbon  monoxide  to  pene- 
trate these  shelters.  The  natural  positions  of 
many  of  the  bodies  recovered  after  the  raid  indi- 
cated that  death  had  often  come  without  warn- 
ing, as  is  frequently  the  case  for  carbon,  mon- 
oxide poisoning. 

|  ^  Carbon  monoxide  kills  by  forming  a 
more  stable  compound  with  hemoglobin  than 
either  oxygen  or  carbon  dioxide  will  form. 
These  latter  are  the  two  substances  that  hemo- 
globin ordinarily  carries  through  the  blood 
stream.  Carbon  monoxide  that  is  absorbed  by 
the  blood  reduces  the  oxygen  carrying  capacity 
of  the  blood,  and  the  victim  dies  from  oxygen 
deficiency. 

J I  Asa  result  of  the  manner  that  carbon 
noxide  acts,  it  can  contribute  to  the  death  of 
a  person  who  leaves  a  contaminated  shelter  to 
attempt  escape  through  the  streets  of  a  burning 
city.  A  person  recovering  from  a  moderate  case 
of  carbon  monoxide  poisoning  may  feel  well 
while  he  is  resting,  but  his  blood  may  be  unable 
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to  supply  the  oxygen  his  body  needs  when  he 
exerts  himself.  After  the  air  raid  at  Hamburg, 
victims  of  carbon  monoxide'  poisoning,  appar- 
ently in  good  health,  collapsed  and  died  from 
the  strain  of  walking  away  from  a  shelter.  It  is 
suspected  that  many  of  the  people  who  died  in 
the  streets  of  Hamburg  were  suffering  from 
incipient  carbon  monoxide  poisoning, 
tig  Heat.  The  body  cools  itself  by  perspira- 
tion. When  the  environment  is  so  hot  that  this 
method  fails,  body  temperature  rises.  Shortly 
thereafter,  the  rate  of  perspiration  decreases 
rapidly,  and.  unless  the  victim  finds  immediate 
relief  from  the  heat,  he  dies  of  heat  exhaustion. 
Death  from  excessive  heat  may  occur  in  an  in- 
adequately insulated  shelter:  it  also  may  occur  in 
the  streets  if  a  safe  area  cannot  be  located  in  a 
short  time. 

9-26  Shelters 


The  results  of  the  Hamburg  fire  storm 
illustrate  the  value  of  shelters  during  an  intense 
mass  fire.  The  public  air  raid  shelters  in  Ham- 
burg had  very  heavy  walls,  to  resist  large  bombs. 
Reinforced  concrete  three  feet  thick  represented 
typical  walls.  Some  of  these  shelters  were  fitted 
with  gas  proof  doors  to  provide  protection  from 
poison  gas.  These  two  features  offered  good  pro- 
tection from  the  heat  and  toxic  gases  generated 
by  the  fire  storm. 

ft  The  public  shelters  were  of  three  types: 
Bunkers.  These  were  large  buildings  of 
several  shapes  and  sizes,  designed  to  with- 
stand direct  hits  by  large  bombs.  The  fire 
storm  area  included  1 9  bunkers  designed  to 
hold  a  total  of  about  15,000  people.  Prob- 
ably twice  this  number  occupied  the 
bunkers  during  the  fire  storm,  and  all  of 
these  people  survived. 
•  SpUnterproof  Shelters.  These  were  long 
single  story  shelters  standing  free  of  other 
buildings  and  protected  by  walls  of  rein- 
forced concrete  at  least  2-1/2  feet  thick. 


No  deaths  resulting  from  the  fire  storm 
were  reported  among  occupants  of  these 
shelters.  These  structures  were  not  gas- 
proof. Distance  from  burning  structures 
and  low  height  of  the  shelters  probably 
provided  protection  from  carbon  mon- 
oxide. 

•  Basement  Shelters.  The  public  shelters  that 
were  constructed  in  large  basements  had 
ceilings  of  reinforced  concrete  2  to  5  feet 
thick.  Although  reports  indicate  that  some, 
of  the  occupants  of  these  shelters  survived 
and  some  did  not,  statistics  to  indicate  the 
chance  of  survival  in  such  structures  are  not 
available. 

•  Private  Basement  Shelters.  Private  base- 
ments were,  constructed  solidly,  but  most 
of  them  lacked  the  insulating  value  of  very 
thick  walls  and  the  protection  of  gas-tight 
construction.  Emergency  exits  (usually 
leading  to  another  shelter  in  an  adjacent 
building)  could  be  broken  if  collapse  of  the 
building  caused  the  normal  exit  to  be 
blocked.  As  a  result  of  the  total  destruction 
in  the  fire  storm  area,  this  precaution  was 
of  limited  value.  Many  deaths  occurred  in 
these  shelters  as  a  result  of  carbon  mon- 
oxide poisoning,  and  the  condition  of  the 
bodies  indicated  that  intolerable  heat  fol- 
lowed the  carbon  monoxide  frequently.  In 
some  cases,  the  heat  preceded  the  poison- 
ous gas  and  was  the  cause  of  death.  Gen- 
erally, these  skelters  offered  such  a  small 
amount  of  protection  that  the  occupants 
were  forced  out  within  10  to  30  minutes. 
Most  of  these  people  were  able  to  move 
through  the  streets  and  escape.  Others  were 
forced  out  later  when  the  fire  storm  was 
nearer  its  peak  intensity,  and  few  of  these 
escaped.  A  few  people  survived  in  private 
basement  shelters. 
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Air  Bl«t  from  Weapons  with 
Enhanced  Radiation  Outputs 

COLD  WEAPON    1  keV 

1  keV*lMOO.O0O°K 


HOT  WEAPON 

10keV 


S 

u 
o 


DISTANCE  FROM  BURST 
Figure  2-67   Energy  Deposition  in  Air 

Rough  calculation  may  be  made, 
nowevci,  by  applying  the  following  role  of 
thumb  to  weapons  with  enhanced  outputs:  blast 
calculations  for  a  given  radius  may  be  based  on  a 
weapon  yield  that  is  equal  to  the  amount  of 
energy  contained  in  the  sphere  defined  by  that 
radius.  As  this  rule  implies,  the  blast  wave,  as  it 
propagates  outward,  picks  up  hydrodynamic 
energy  from  the  heated  air  through  which  it 

*****  2-140 

THE  THERMAL  PULSE  FROM 
SPECIAL  WEAPONS 


As  stated  in  paragraph  2-45,  Chapter 
that  nave  enhanced  radiation  out- 


The  terms  "nominal  weapon"  and 
'conventional  weapon"  used  in  the  preceding 
paragraph  refer  to  a  nuclear  weapon  that  radi- 
ate^7^to8^Dercen^ofitsener^^s  X-rays 
^|^^^^^^^^^^^^^^^^^^^^^|and  re- 
rau^^earl^aiRiTnerenMfflrungaiei^r^as  ther- 
mal and  kinetic  energy  of  the  weapon  debris  (see 
paragraph  4-4,  Chapter  4). 

3-17   Effective  Thermal  Yield 
of  Special  Weapons 

The  modified  thermal  effects  pro- 
duced by  weapons  with  enhanced  outputs  may 
be  calculated  in  terms  of  an  effective  thermal 
yield.  This  is  defined  as  the  yield  that  a  nominal 
warhead  would  have  in  order  to  radiate  the  same 
thermal  energy  as  the  special  weapon. 


2,  weapons 


puts,  i.e.,  weapons  that  produce  a  large  fraction 
of  their  output  m  the  form  of  neutrons,  gamma 
rays^orX-raysB^S'^^^'^^^^^^ii^y 

■         Rvill,  inTrSst^Sel^^TOr^^^^reScer 

Dlas^vave  than  a  nominal  weapon  of  the  same 
yield.  Similarly,  the  thermal  pulse  from  such 
special  weapons  may  be  weaker  than  that  from  a 
nominal  weapon.  The  explanation  for  the  re- 
duced thermal  output  is  the  same  as  the  explana- 
tion for  a  weaker  blast  wave:  neutrons,  gamma 
rays,  and  . .  energy  X-rays  travel  much  farther 
through  the  atmosphere  than  the  energy  from  a 
conventional  weapon;  therefore,  a  large  portion 
of  the  weapon  energy  may  be  absorbed  by  air 
far  from  the  burst.  This  air  win  not  become  suf- 
ficiently hot  to  contribute  effectively  to  either 
the  blast  wave  or  to  the  thermal  pulse. 


Effective  thermal  yield  is  roughly  the 
amount  of  energy  that  the  nuclear  source  de- 
posits within  a  sphere  the  size  of  the  fireball  at 
the  time  of  the  principal  minimum.  This  radius 
is 

29  W036 


nun 


(P/Po)0-22 


meters, 


where  W  is  the  weapon  yield  in  kilotons,  p  is  the 
ambient  air  density  at  the  burst  altitude,  and  p0 
is  the  ambient  density  at  sea  leveL 

Energy  that  is  deposited  beyond  the  radius 
Rnia  is  assumed  to  make  a  negligible  contribu- 
tion to  the  energy  radiated  by  the  firebaJL 

Since  the  size  of  the  fireball  is  deter- 
mined by  the  thermal  energy  it  contains,  it 
would  be  logical  to  let  If  represent  effective 
thermal  yield  rather  than  total  weapon  yield.  To 
do  this  requires  a  trial-and-error  approach. 


The  components  of  energy  deposited  with- 
in Rmla  of  the  burst  are  added  together  Jo 

Obtain  thg  effective  thermal  vi>U 


^18    Thermal  fHiaae  Shape  from 
Special  Weapons 

The  two  properties  that  characterize 
special  weapons  (in  the  sense  that  the  term  is 
used  in  this  chapter)  are  that  the  initial  deposi- 
tion of  energy  GUs  a  large  volume  and  that  the 
density  of  the  deposited  energy  drops  gradually 
with  distance  from  the  point  of  bum  when  com- 
pared to  nominal  weapons.  The  early  fireball  of 
a  conventional  weapon  rapidly  develops  a 
sharply  defined  edge,  formed  by  the  shock 
front.  The  sharply  defined  edge  results  in  a  very 
bright  fireball;  the  diffuse  fireball  from  an  en- 
hanced awapon  is  relatively  dim,  hmwnrng 
bright  only  when  the  shock  wave  propagates 
through  the  incandescent  region  of  the  initial 
iuc4»n  «m  mem  cdokt  nr. 
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Figure  3-43.  Free  Field  Radiant  E*poaire  and  Air  Blast  Owpcwjure 

at  the  Surface,  ai  a  Function  of  Height  of  Bunt  and  Ground  Distance, 
for  10  kikrtons.  16  Mite  Visual  Range, 
High  Ovtt*pretfurt  Region 
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Figure  5-7.  Neutron  Energy  Build-Up  Factors 

for  Various  Monoenergetic  Sources 
in  Homogeneous  Air 


Chapter  7 

ELECTROMAGNETIC  PULSE  (EMP)  PHENOMENA 


The  nuclear  electromagnetic  pulse. 
(EMP  i  is  the  time-varying  electromagnetic  radia- 
tion resulting  from  a  nuclear  burst.  It  has  a  very 
broad  frequency  spectrum,  ranging  from  near  dc 
to  several  hundred  MHz. 

The  generation,  of  EMP  from  a  nuclear 
detonation  was  predicted  even  before  the  initial, 
test,  but  the  extent  and  potentially  serious  de- 
gree, of  EMP  effects  were  not  realized  for  main- 
years.  Attention  slowly  began  to  focus  on  EMP 
as  a  probable  cause  of  malfunction  of  electronic 
equipment  during  the  early  195 0s»  Induced  cur- 
rents and  voltages  caused  unexpected  equipment 
failures  during  nuclear  tests,  and  subsequent 
analysis  disclosed  the  role  of  EMP  in  such  fail- 
ures. Finally  in  ]'9o0  the  possible  vulnerability 
of  hardened  weapon  systems  to  EMP  was  . offi- 
cially recognized.  Increased  knowledge  of  the 
electric  and  magnetic  fields  becami  desirable  for 
both  weapons  diagnostics  and  long-range,  detec- 
tion of  nuclear  detonations.  For  all  these  reasons 
a  more  thorough  investigation  of  EMP  was 
undertaken. 

Theoretical  and  experimental  efforts 
were  expanded  to  study  and  observe  EMP  phe- 
nomenology and  to  develop  appropriate  descrip- 
tive models.  A  limited  amount  of  data  ljad  been 
gathered  on  the  phenomenon  and  its  'threat  to 
military  systems  when  all  aboveground  testing 
was  halted  in  1962.  From  this  time  reliance  has 
been  placed  on  underground  testing,  analysis  of 
existing  atmospheric  test  data,  and  nonnuclear 
simulation  for  experimental  knowledge.  Extend- 
ed efforts  have  been  made  to  improve  theoreti- 
cal models  and  to  develop  associated  computer 
codes  for  predictive  studies.  At  the  same  time, 
efforts  to  develop  simulators  capable  of  produc- 


ing threat-level  pulses  for  system  coupling  and 
resnonse  studies  have  been  expanded . 

This  chapter  describes  the  EMP  genera- 
tion mechanism  and  the  resulting  environment 
for  various  burst  regimes.  The  description  is 
largely  qualitative,  since  the  complexity  of  the 
calculations  .requires  that  heavy  reliance  be. 
placed  on  computer  code  calculations  for  spe- 
cific problems.  Some  results  of  computer  code 
calculations  are  presented,  but  generalization  of 
these  results  is  beyond  the  scope  of  this  chapter! 
More  complete  treatments  of  the  EMP  phenome- 
na may  be. found  in  tne  "DNA  EMP  (Electro- 
magnetic Pulse )  Handbook  (L:r  fsee  biblio- 
graphy ). 

ENVIRONMENT  -  GENERAL 
DESCRIPTION 

7-1  Weapon  Gamma  Radiation 

The  gamma  radiation  output  from  a  nu- 
clear burst  initiates  the  processes  that  shape  the 
development  of  an  electromagnetic  pulse.  The 
gamma  radiation  components  important  in  EMP 
generation  are  the  prompt,  air  inelastic,  and  iso- 
meric gammas  (see  Chapter  5).  Briefly,  the 
prompt  gammas  arise  from  the  fission  or  fusion 
reactions  taking  place  in  the  bomb  and  from  the 
inelastic  collisions  of  neutrons  with  the  weapon 
materials.  The  fraction  of  the  total  weapon  en- 
ergy- that  may  be  contained  in  the  prompt  gam- 
mas will  vary  nominally  from  about  0A%  for 
high  yield  weapons  to  about  0.5%  for  low  yield 
weapons,  depending  on  weapon  design  and  size. 
Special  designs  might  increase  the  gamma  frac- 
tion, whereas  massive,  inefficient  designs  would 
decrease,  it. 


Change  t  7-1 


(a)  Blue  Gill  Taken  From 
Burst  Locale 


50  km  altitude 


(b)  Teak  Taken  From  Maui 
(1300  km  Away) 


77  km  altitude 


(c)  Check  Mate  Taken 
From  Burst  Locale 


147  km  altitude 


The  length  along  the  geomagnetic  field  is  about  1,000  kilofeet.  The 
heated  air  within  the  fireball  is  highly  ionized,  with  many  striations 
oriented  along  the  geomagnetic  field.  (The  dark  spots  within  the  fireball 
are  rocket  trails.) 


Figure  1-4. 


Photographs  of  High  Altitude  Bursts,  t  =  100  sec 
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Figure  7-14  Ground  Coverage  for  Bursts  of  100,  300,  and  500  km  {about  62,  186,  and  310  miles) 
for  a  Large  Yield  Burst  Above  the  Geographical  Center  of  the  (counterminous)  United 
States 


GAMMA  HAY$  INTERACT 
WITH  AIR  ANO  PROOUCE 
A  RADIAL  ELECTRIC  FIELD 
IN  ENTIRE  DEPOSITION  RE6ION 


THE  VECTOR  SUM  OF  ALL 
ELECTRON  CURRENTS  IS  IN  THE  VERTICAL 

OlRECTION  CAUSING  A  RAO  I  ATE  D 
AND  0*  PULSE 


DEPOSITION  REGION 
BOUNDARY 


CURRENT  LOOPS 
BY  ELECTRON 
IN  AIR  AND  RETURN  THROUGH  OR 
NEAR  GROUND  CAUSING  AZlMUTHAL 
MAGNETIC  FIELD  NEAR  THE  SURFACE 


(Where  ground  conductivity  exceeds  air  conductivity, 
electrons  return  through  ground,  causing  current  loop) 


Figure  7*9 


Simple  Illustration  of  Surface  Burst  EMP 


The  magnitude  of  the  peak  value  of  the 
radiated  electric  waveform  for  a  surface  burst  is 
a  weak  function  of  yield,  varying  from  about 
U00  volts  per  meter  at  R0  for  a  4.2  TJ  (1KT) 
explosion  to  about  1,670  volts  per  meter  for  a 
4.2  x  104  TJ  (10  MT)  explosion.  For  most  cases, 
a  value  of  1 ,650  volts  per  meter  may  be  assumed. 
At  ranges  along  the  surface  beyond  R0.  the  peak 
radiated  electric  field  varies  inversely  with  the 
distance  from  the  burst.  Thus,  the  magnitude  of 
the  peak  radiated  electric  field  along  the  surface 
may  be  estimated  from  the  equation 

R 

-TV 

where  R0  is  the  range  to  the  beginning  of  the 
radiation  region,  R  is  the  distance  along  the  sur- 
face to  the  point  of  interest,  £0  is  the  peak  value 
of  the  radiated  field  at  R0  (assumed  to  be  about 
1.650  volts  per  meter),  and  E  is  peak  value  of 
the  radiated  field  at  R. 


10  kilometers  from  a  1  MT  surface  burst 

£  -  0y)<1.65°>*  L200  v/m. 
10  kilometers  from  a  100  KT  surface  burst 

E  -  (fir)  <1'650>  *  950  v/m- 
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Figure  7-31 
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Figure  7-26       Peek  Magnetic  Field     Versus  Overpressure  for  Varying 

Ground  Conductivities  and  Yields 
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Figure  7-26       p«k         Electric  Field  Er  Versus  Overpressure 

for  Varying  Ground  Conductivities  end  Yields 


SECTION  VIII 

ELECTROMAGNETIC  PULSE  (EMP) 
DAMAGE  MECHANISMS 


As  described  in  Chapter  7,  the  nuclear 
electromagnetic  pulse  (EMP)  is  part  of  a  com* 
plex  environment  produced  by  a  nuclear  envi- 
ronment. The  EMP  contains  only  a  very  small 
part  of  the  total  energy  produced  by  a  nuclear 
explosion;  however,  under  the  proper  circum- 
stances, EMP  is  capable  of  causing  severe  dis- 
ruption and  sometimes  damage  to  electrical  and 
electronic  systems  at  distances  where  all  other 
effects  are  absent. 

^fl  m  As  with  the  EMP  generation  described  in 
Chapter  7,  the  complexity  of  the  calculation  of 
EMP  damage  mechanisms  requires  that  heavy 
reliance  be  placed  on  computer  code  calcula- 
tions for  specific  problems,  and  even  these  calcu- 
lations must  be  supplemented  by  testing  in  most 
cases.  Consequently,  the  information  presented 
herein  is  largely  qualitative  and  will  only  serve  as 
an  introduction  to  the  subject.  More  complete 
treatments  of  EMP  damage  mechanisms  may  be 
found  in  the  "DNA  EMP  (Electromagnetic 
Pulse)  Handbook"  (see  bibliography). 

jKffifr  Figure  7-18,  Chapter  7,  provides  a 
mfflx  that  provides  some  indication  of  whether 
EMP  constitutes  a  threat  in  a  given  situation 
relative  to  the  hardness  of  a  system  to  blast  over- 
pressure. This  section  provides  a  brief  descrip- 
tion of  EMP  energy  coupling,  component  dam- 
age, EMP  hardening,  and  testing. 


ENERGY  COUPLING 


9-56   Basic  Coupling  Modes 

f  |  There  are  three  basic  modes  of  coupling 
the  energy  contained  in  an  electromagnetic  wave 
into  the  conductors  that  make  up  an  electric  or 
electronic  system:  electric  induction,  magnetic 
induction,  and  resistive  coupling. 

Electric  induction  arises  as  the  charges  in 


a  conductor  move  under  the  influence  of  the 
tangential  component  of  an  impinging  electric 
field.  The  overall  result  is  that  of  a  voltage 
source  distribution  along  the  conductor.  One 
such  point-voltage  source  is  shown  in  Figure 
9-65  for  a  simple  conducting  wire,  where  the 
current  I  is  produced  as  a  result  of  the  tangential 
component  £,  un  of  the  incident  electric  field 


CHARGE  SEPARATION 


Figure  9*65.  Electric  induction  in  a 

Copper  Wire 


Magnetic  induction  occurs  in  conductors 
shaped  to  form  a  closed  loop  when  the  compo- 
nent of  the  impinging  magnetic  field  perpen- 
dicular to  the  plane  of  the  loop  varies  in  time, 
causing  charges  to  flow  in  the  loop.  This  effect  is 
illustrated  in  Figure  9-66  for  a  simple  wire  loop. 
Here  the  magnetic  field  is  shown  coming  out  of 
the  plane  of  the  loop.  The  loop  need  not  be 
circular,  and  magnetic  induction  may  occur  with 
any  set  of  conducting  components  assembled  so 
astoform  a  loop. 

I  |  Resistive  coupling  comes  about  indi- 
recflyas  a  conductor  that  is  immersed  in  a  con- 
ducting medium,  such  as  ionized  air  or  the 
ground,  is  influenced  by  the  currents  induced  in 
the  medium  by  the  other  coupling  modes.  In 
effect  the  conductor  shares  part  of  the  current 
as  an  alternate  conducting  path.  This  effect  is 
illustrated  in  Figure  9-67  for  the  simple  case  of  a 
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conductor  immersed  in  the  ground.  The  tangen- 
tial component  of  the  incident  electric  field  Et 
induces  a  current  density  /  in  the  ground.  A 
distributed  voltage  drop  appears  along  the  wire 
as  a  result  of  the  current  flow  in  the  ground,  and 
this  incremental  voltage  causes  current  flow  1  in 
the  wire.  Current  also  may  be  induced  in  the 
wire  directly  by  the  tangential  component  of  the 
refracted  electric  field,  shown  as  Eg.  The  re- 
flected EMP,  £r  /7r,  is  also  shown  in  Figure 
9-67.  The  potential  importance  of  these  re- 
flected fields  is  discussed  below. 


9-57    Resonant  Configurations 


■  The  coupling  of  energy  to  a  conductor  is 
particularly  efficient  when  the  maximum  dimen- 
sion of  the  conductor  configuration  is  about  the 
same  size  as  the  wavelength  of  the  radiation.  In 
tliis  event  the  voltages  that  are  induced  along  the 
conductor  at  various  points  are  all  approximate- 
ly in  phase,  so  the  total  voltage  induced  on  the 
conductor  is  a  maximum.  The  conductor  is  said 
to  be  resonant,  or  to  behave  as  an  antenna,  for 
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frequencies  corresponding  to  near  this  wave- 
length. Since  EMP  has  a  broad  spectrum  of  fre- 
quencies (see  Chapter  7),  only  a  portion  of  this 
spectrum  will  couple  most  efficiently  into  a 
specific  conductor  configuration.  Thus,  a  par- 
ticular system  of  interest  must  be  examined  with 
regard  to  its  overall  configuration  as  welt  as  its 
component  configuration.  Eash  aspect  will  have 
characteristic  dimensions  that  determine  what 
part  of  the  pulse  (strength  and  frequencies)  con- 
stitutes the  principal  threat. 
aM  %  Gross  system  features  that  are  not  nor- 
^a^T  considered  antennas,  such  as  structural 
features,  beams,  girders,  buried  cable,  overhead 
conduit  or  ducting,  wings,  fuselage,  missile  skins, 
and  any  wall  apertures,  must  be  considered  to  be 
potential  collectors  and  conductors  of  energy 
into  the  system. 
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distance  (m) 

Effects  of  buildings  on  maximum  EMP        Tall  buildings  (1 )  attenuate  horizontal 
from  a  generic  "Fatman"  type  bomb         prompt  gamma  rays,  (2)  attenuate 
in  downtown  Houston,  Texas  the  line -of -sight  (UHF)  EMP  frequencies 

Scott  Smith,  Jeff  Bull,  Trevor  Wilcox,  Randy  Bos,  Xuan-Min  Shao,  Tim  Goorley,  Keeley  Costigan 
Nuclear  EMP  simulation  for  large-scale  urban  environments,  Los  Alamos  LA-UR- 12-24078,  August  2012 
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NUCLEAR  WEAPONS  FREE- FIELD  ENVIRONMENT  RECOMMENDED 
FOR  INITIAL  RADIATION  SHIELDING  CALCULATIONS 

J.  A.  Auxier,  Z.  G.  Burson,    R,  L,  French, 
F.  F.  Haywood,  L.  G.  Mooney,  and  E.  A.  St  raker 

Table  8.  Fi»ion-Product  Gamma  Ray  Exposure  During  the  First  60  Seconds 
from  a  Typical  TN  Weapon  at  a  100-M  Burst  Height 


Slant  Range 
(m) 


Shock  Arrival 
(sec) 


Percent  Before 
Shock 


Percent  After 
Shock 


100  KT 


538 
740 
1030 
1446 
2097 


0.3678 
0.8187 
1.822 
4.055 
11.02 


13.8 
20.4 
36.2 
63.1 
95.7 


86.2 
79.6 
63.8 
36.9 
4.3 


300  KT 


771 
1060 
1472 
206S 
2995 


0.5488 
1.221 
2.718 
6.049 
16.44 


13.7 
20.5 
38.6 
69.8 
98.8 


86.3 
79.5 
61.4 
30.2 
1.2 


1  MT 


1146 
1576 
2190 
3075 
4458 


0.8187 
1.822 
4.055 
9.024 
24.53 


11.1 
18.3 
38.2 
75.3 
99.8 


88.9 
81.7 
61.8 
24.7 
0.2 


S.  Glasstone,  Effects  of  Nuclear  Weapons,  1 964 
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Analysis  of  Sheltering  and  Evacuation 
Strategies  for  an  Urban  Nuclear 
Detonation  Scenario 

Larry  D.  Brandt,  Ann  S.  Yoshimura 

Executive  Summary 

A  nuclear  detonation  in  an  urban  area  can  result  in  large  downwind  areas  contaminated  with 
radioactive  fallout  deposition.  Early  efforts  by  local  responders  must  define  the  nature  and 
extent  of  these  areas,  and  advise  the  affected  population  on  strategies  that  will  minimize  their 
exposure  to  radiation.  These  strategies  will  involve  some  combination  of  sheltering  and 
evacuation  actions.  Options  for  shelter-evacuate  plans  have  been  analyzed  for  a  10  kt  scenario  in 
Los  Angeles. 


Results  from  the  analyses  documented  in  this  report  point  to  the  following  conclusions: 

•  When  high  quality  shelter  (protection  factor  ~1 0  or  greater)  is  available,  shelter-in-place 
for  at  least  24  hours  is  generally  preferred  over  evacuation. 

•  Early  shelter-in-place  followed  by  informed  evacuation  (where  the  best  evacuation  route 
is  employed)  can  dramatically  reduce  harmful  radiation  exposure  in  cases  where  high 
quality  shelter  is  not  immediately  available. 

•  Evacuation  is  of  life-saving  benefit  primarily  in  those  hazardous  fallout  regions  where 
shelter  quality  is  low  and  external  fallout  dose  rates  are  high.  These  conditions  may 
apply  to  only  small  regions  within  the  affected  urban  region. 

•  External  transit  from  a  low  quality  shelter  to  a  much  higher  quality  shelter  can 
significantly  reduce  radiation  dose  received  if  the  move  is  done  soon  after  the  detonation 
and  if  the  transit  times  are  short. 
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Evacuation  From  SF-10 


a 

2. 


•>150  rem 
»>300  rem 


10 


0  2  4  6  8 

Time  Evacuation  Begins  (hrs) 
Figure  12.  Departure  time  sensitivities  for  informed  evacuations  from  shelters  with  SF=4 


Sandia  National  Laboratories 


Radiation  protection  factors  in  modern  city  buildings 
DCPA  Attack  Environment  Manual,  ch.  6,  panel  18 


TECHNICAL  ANALYSIS  REP  CRT  -  AFSWP  NO.  507 
RADIOACTIVE  FALL-OUT  HAZARDS  FROM  SURFACE  BURSTS  OF 


VERY  HIGH  YIELD  NUCLEAR  WEAPONS 

by 
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L.  D.  Gates 
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R.  W.  Paine,  Jr. 

MAY  195 k 

HEADQUARTERS,  ARMED  FORCES  SPECIAL  WEAPONS  PROJECT 

WASHINGTON  13,  D.  C. 

e.  Passive  defense  measures,  intelligently  applied,  can  drasti- 
cally reduce  the  lethally  hazardous  areas.   A  course  of  action 
involving  the  seeking  of  optimum  shelter,  followed  by  evacuation  of 
the  contaminated  area  after  a  week  or  ten  days,  appears  to  offer 

the  best  chance  of  survival.   At  the  distant  downwind  areas,  as  much 
as  5  to  10  hours  after  detonation  time  may  be  available  to  take 
shelter  before  fall-out  commences. 

f .  Universal  use  of  a  simply  constructed  deep  underground 
shelter,  a  subway  tunnel,  or  the  sub-basement  of  a  large  building 
could  eliminate  the  lethal  hazard  due  to  external  radiation  from 
fall-out  completely,  if  followed  by  evacuation  from  the  area  when 
ambient  radiation  intensities  have  decayed  to  levels  which  will 
permit  this  to  be  done  safely. 


vii 
Table  II 

Total  Isodose  Contour;  500r  from  Fall-out  to  H+50  Hours 


Yield  (MT) 

15 

1 

10 

60 

Downwind  extent  (mi) 

180 

52 

152 

3^0 

Area  (mi2) 

5hO0 

470 

3880 

17,900 
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A  REPORT 

BY  THE  UNITED  STATES  ATOMIC  ENERGY  COMMISSION 
ON  THE  EFFECTS  OF  HIGH-YIELD  NUCLEAR  EXPLOSIONS 


FALLOUT  PATTERN  OF  1954  TEST  IN  THE  PACIFIC 


19«    Data  from  this  test  permits  estimates  of  casual- 
ties which  would  have  been  suffered  within  this  contaminated 
area  if  it  had  been  populated.    These  estimates  assume:  (1) 
that  the  people  in  the  area  would  ignore  even  the  most  ele- 
mentary precautions;  (2)  that  they  would  not  take  shelter 
but  would  remain  out  of  doors  completely  exposed  for  about 
36  hours;  and  (3)  that  in  consequence  they  would  receive 
the  maximum  exposure.    Therefore,  it  will  be  recognized  that 
the  estimates  which  follow  are  what  might  be  termed  extreme 
estimates  since  they  assume  the  worst  possible  conditions. 


PROTECTION  AGAINST  FALLOUT 


26.    In  an  area  of  heavy  fallout  uhe  greatest  radio- 
logical hazard  is  that  of  exposure  to  external  radiation. 
Simple  precautionary  measure?  can  greatly  reduce  the  hazard 
to  life.    Exposure  can  be  reduced  by  taking  shelter  and  by 
utilizing  simple  decontamination  measures  until  such  times 
as  persons  can  leave  the  area.    Test  data  indicate  that  the 
radiation  level,  i.e.,  the  rate  of  exposure,  indoors  on  the 
first  floor  of  an  ordinary  frame  house  in  a  fallout  area 
would  be  about  one -ha If  the  level  out  of  doors.    Even  greater 
protection  would  be  afforded  by  a  brick  or  stone  house. 
Taking  shelter  in  the  basement  of  an  average  residence  would 
reduce  the  radiation  level  to  about  one-tenth  that  experienced 
out  of  doors. 

29.  If  fallout  particles  come  into  contact  with  the 
skin,  hair  or  clothing,  prompt  decontamination  precautions 
such  as  have  been  outlined  by  the  Federal  Civil  Defense  Ad- 
ministration will  greatly  reduce  the  danger.    These  include 
such  simple  measures  as  thorough  bathing  of  exposed  parts 

of  the  body  and  a  change  of  clothing. 

30.  If  persons  in  a  heavy  fallout  area  heeded 
warning  or  notification  of  an  attack  and  evacuated  the  area 
or  availed  themselves  of  adequate  protective  measures,  the 
percentage  of  fatalities  would  be  greatly  reduced  even  in 
the  zone  of  heaviest  fallout. 


Castle- Bravo  fallout  arrival  on  Rongerik  Atoll  (chart  recorder) 
(Source:  USAEC  NYO-4623, 1955,  Fig.  17,  Secret) 


Able 
flight 


1  PM       2  PM      3  PM      4  PM        5  PM  2  PM      3  PM 

1  March  1954  (local  time,  Rongerik  Atoll)  2  March 

Castle-Bravo  was  detonated  at  6:45  AM  local  time,  1  March  1954 


W.  J.  Larson  and  R.  P.  Keiser  surveying  Utirik  fallout  on  3  Mar. 


Utirik  inhabitants  awaiting  evacuation,  3  Mar. 


SOME  EFFECTS  OF 

Ionizing 
Radiation 


ON  HUMAN  BEINGS 


Report  TID-5358 


Case  67  at  28  days  and  at  6  months  after  exposure 
Beta  burns  occurred  where  fallout  was  retained 


Case  72  at  28  days  and  at  6  months  after  exposure 
Recovery  from  fallout  beta  burns  to  skin  and  hair 


Case  2d  at  45  days 

Less  striking  fallout  described  as  "mist-like" 
was  observed  on  Ailinginae  and  Rongerik. 
Fallout  was  not  visible  on  Utirik,  which  was 
contaminated  to  only  a  mild  degree.  The  se- 
verity of  the  skin  manifestations  was  roughly 
proportional  to  the  amount  of  fallout  observed. 

a.  Shelter.  Those  individuals  who  remained 
indoors  or  under  the  trees  during  the  fallout 
period  developed  less  severe  lesions. 


Group 

Fallout  Observed 

Skin  Lesions  and 
Epilation 

Rongelap_  _ 
Ailinginae.  _ 
Rongerik__. 

Utirik 

Heavy  (snowlike)  

Moderate  (mistlike)  _ 
Moderate  (mistlike)  _ 

None_   

Extensive. 
Less  extensive. 
Slight. 

No  skin  lesions 
or  epilation. 

b.  Bathing.  Small  children  who  went  wad- 
ing in  the  ocean  developed  fewer  foot  lesions. 

[Clothing  prevented  fallout  retention.] 


Hyperpigmented  raised  plaques  and  bullae  on  Same  case  as  in  Plate  6,  six  months  later, 

dorsum  of  feet  and  toes  at  S8  days.    One  lesion  on  left  Foot  lesions  have  healed  with  repigmentalion,  except 

foot  shows  deeper  involvement.    Feet  were  painful  at  depigmented  spots  persist  in  small  areas  where  deeper 

this  time.  lesions  were. 


Epilation  in  7  yr.  old  girl  at  28  days.  Same  case  as  in  Plate  17,  six  months  after 

Case  It.  exposure  showing  complete  regrowlh  of  normal  hair. 


Fig.  5.10  Shot  1,  Fallout  Particulate,  Station  250.04 

This  is  a  raft  downwind  in  Bikini  Lagoon,  which  received 
a  land  equivalent  of  113  R/hr   (1  hour  reference  gamma  dose 
rate),  according  to  Figures  2.2  and  6.1.  Land  equivalent 
dose  rates  were  7  times  the  raft  dose  rate  in  the  lagoon. 

According  to  Table  1  in  Carl  F.  Miller's  report  USNRDL-466, 
250.04  received  33.6  (mg/sq  f t) / (R/hr  at  1  hr)  at  59.5  kft. 
Hence,  3.8  grams/sq  ft. 


FIRST  CASUALTIES  OF  THE  H-BOMB 

by  DWIGHT  MARTIN 


Five  weeks  out  of  Yaizu,  her  home  port  120 
miles  southeast  of  Tokyo,  the  99-ton  tuna 
trawler  Fukuryu  Maru  ("Fortunate  Dragon") 
hove  to  at  a  position  166°30'  east  longitude 
and  11*52'  north  latitude.  She  dropped  an- 
chor and  cast  her  nets  at  5:30  a.m.  on  March  L 
The  Fortunate  Dragons  position,  though  her 
skipper  and  crew  did  not  realize  it,  was  71  miles 
east-northeast  of  Bikini  atoll  and  14  miles  out* 
side  the  boundary  of  the  restricted  zone  of  the 
U.S.  government's  atomic  testing  area. 

A  calm  sea  was  running  and  the  weather  was 
clear.  Sunrise  was  at  6:09  a.m.  and  visibility 
was  excellent.  The  Fortunate  Dragons  skipper, 


AT  HER  DOCK  the  unfortunate  Fortunate  Drag- 
on* still  radioactive,  floats  untended  by  crewmen. 


"We  made  port  in  Yaizu  at  6  a.m.  on  March 
14.  We  were  now  quite  sick  and  frightened, 
and  we  went  to  see  Dr.  Toshisuke  Oii  at  Kyo- 
ritsu  hospital.  He  said  we  had  severe  burns 
and  gave  us  some  white  ointment.'9 


24-year-old  Tadaichi  Tsutsui,  was  standing 
watch  on  the  bridge,  and  eight  crewmen  were 
enthusiastically  hauling  in  their  first  nets.  Aft- 
er nearly  three  weeks  of  poor  catches  near 
Midway  Island,  the  Fortunate  Dragon  had 
finally  run  into  luck  in  more  southern  waters 
and  her  hold  was  already  filled  with  16,500 
pounds  of  fat  tuna.  It  was  just  a  few  seconds 
before  6:12  a.m. 

lfThen,"  said  Crewman  Sanjiro  Masuda  lat- 
er, "we  saw  flashes  of  fire,  as  bright  as  the  sun 
itself,  rising  to  the  sky.  They  rose  about  10 
degrees  from  the  horizon  and  the  sky  around 
them  glowed  fiery  red  and  yellow. 

But  Captain  Tsutsui  was  getting  more  and 
more  uneasy:  "I  thought,  The  bomb  tests 
were  being  conducted  over  coral  reefs.  It  could 
be  pulverized  coral  ash,  couldn't  it?'  "  He 
thought  some  more  about  shi  no  Ani,  then 
ordered  the  crew  to  up  anchor.  The  trawler 
steamed  for  home,  2,000  miles  away. 

"On  the  first  night/'  said  Radioman  Aikichi 
Kuboyama,  "we  were  unable  to  eat  our  sup- 
per. We  tried  drinking  some  sake  (rice  wine) 
to  improve  our  appetites,  but  our  appetites 
would  not  improve  and  the  sake  did  not  make 
us  drunk.  We  were  very  depressed.  Some  of 
the  crew  grumbled  'pikadon  but  others  said 
it  couldn't  be.  I  think  someone  said  it  was 
probably  dust  from  some  volcanic  explosion." 
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H.  Bethe's  pre-Bravo  Li7  error  : 
-unexpected  15  Mt  yield 


At  12:30  p.m.  this  Session  was  adjourned  for  lunch, 

SECOND  SESSION 
(May  H,  1953) 

At  2:30  p.m.  the  Committee  met  with  the  Joint  Congressional  Committee 

.Vac ting     in  room  F-88  of  the  Capitol.    Mr.  W.  Sterling  Cole,  Chairman  of  the  JCAE, 
with  the 

JCAE        presided.    Others  present  from  the  JOAE  and  its  staff  were:  Representative 
Hinshaw,  Patterson,  Durham;  Kr,  William  L.  Borden ,  Mr*  Walter  Hamilton, 
and  Ei\  J.  K.  Mansfield.    Representatives  Holifield  and  Price,  and  Senator 
Bricker  entered  during  the  meeting.    All  members  of  the  GAC,  the  Secretary, 
and  Kr.  Tcmei  were  present. 
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Li-6 

ERROR: 


Still  nmaller  diameters  have  been  considered,    Dr._Kark  mentioned  a  Los 
Alamos  study  on  a  12-H11  diameter  device,  which  according  to  calculation 
might  about 

Lithium-6,  Dr.  Bethe  continued,  is  useful  mabily  for  large  weapons, 
LiLhiun-6   and  for  all  thermonuclear  devices,    Lithium-7  wonH  work  because  it 
BETHE'S      doesn't  give  tritium.-  The  threshold  for  ld7-p,nT  is  3-4  Mcv  and  the  . 

reaction  probably  cannot  compete  with  the  slowing  doitfi  of  the  fast 
neutrons.    Dr.  Bradbury  said  that  one  of  the  objects  of  Castle  is  to  see 
what  normal  lithium  will  do. 

Dr.  Bethe  said  there  are  three  devices  in  which  calculations  say 
Li-6  is  of  interest:  fl 

lTi||§|(the  question  is  whether  the  theraonuclear  reaction  will 
propagate  int-iD.    According  to  Katterhorn,  propagation  seems  reasonably 
well  assured  at^^^^^^and  at  diameters  usually  considered  little  is  to 

be  gained  by  greater  enrichment.    (With  high  concentration  of  Li-6  the 

A.   A 


diameter  of  th& 


might  be  reduced  enough  to  save' 
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SESSION  II  Wright  H.  Langham  45 

LANG  HAM:   Fallout  was  predicted  for  the  Trinity  test  in  I  945  by 
the  bomb  phenologists,  Hershfeider  and  McGee.    Stafford  Warren 
mounted  evacuation  teams  and  monitoring  teams  to  cover  the  poten- 
tial fallout  area.    We  didn't  have  to  evacuate  anybody;  we  almost  did. 
The  arbitrary  limit  chosen  for  evacuation  was  an  infinite  life- time 
dose  of  50  r.    One  family  approached  this  limit,  and  there  was  much 
debate  as  to  whether  we  should  evacuate  them  or  not.    They  weren't 
evacuated. 

SESSION  II  Theodore  B.  Taylor  51 

TAYLOR:  I  would  like  to  interject  something  that  you  challenged, 
Staff.    You  said  a  moment  ago,  you  can't  hear  it.    Apropos  of  the 
Dog  Shot,  fallout  was  clearly  audible.    There  were  little  beads  of 
steel  from  the  tower  that  condensed,  and  one  heard  this  constant 
tinkle,  tinkle  of  steel  from  the  tower  hitting  the  aluminum  roofs  and 
then  rolling  down  the  gutters  and  piling  up  in  little  piles  on  the  ground. 

76  Lin  Root  DASA  2019-2 

ROOT:   Mutual  Security  Agreement— after  Korea.    It  was  terribly 
important  that  Japan  become  a  responsible  member  of  the  organiza- 
tion.   The  Yoshida  cabinet  was  entirely  favorable  to  the  U.S.  and  it 
looked  as  if  there  would  not  be  too  much  opposition.    Then  the  fish- 
ermen arrived.    Demonstrations  flared  up  everywhere.    You  had  the 
trade  unions,  three  million  strong,  protesting.    The  cabinet  tried  to 
counteract  the  anti-  American  feeling  but  a  tidal  wave  of  anger  inun- 
dated the  country.    It  was  just  diminishing  when  Koboyama  died. 
This  was  portrayed  as  a  radiation  death. 

FREMONT- SMITH:   This  is  the  fisherman  that  had  the  transfusion 
and  the  hepatitis? 


ROOT:  Yes.  Japanese  doctors  give  very  small  blood  transfusions, 
and  Koboyama  needed  a  great  many. 
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BETA-RADIATION  DOSES  FROM  FALLOUT 
PARTICLES  DEPOSITED  ON  THE  SKIN 

S.  Z.  MIKHAIL 

Environmental  Science  Associates,  Burlingame,  California 

ABSTRACT 

Comparison  of  computed  doses  with  the  most  recent  experimental  data  relative  to  skin 
response  to  beta-energy  deposition  leads  to  the  conclusion  that,  even  for  fallout  arrival  times 
as  early  as  10  sec  (16.7  min  postdetonation),  no  skin  ulceration  is  expected  from  single 
particles  500  u  or  less  in  diameter. 


to2  I  I  I  L_U  I  I  L_U  I  I  I  L_ 

10°  101  102  103 

RETENTION  TIME,  hr 

Fig.  6  Comparison  between  doses  computed  for  a  plane  source  and  the 
corresponding  values  for  a  multiparticle  source.  Tissue  depth,  100  ju;  delay  time, 
103  sec;  deposition  density,  100  mg/sq  ft;  activity,  101  fissions/cc. 


BETA-RADIATION  DOSES  FROM  FALLOUT  PARTICLES 
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Deposition  density,  mg/sq  ft 


10°  101  102  103 

RETENTION  TIME,  hr 

Fig.  13  Dose  delivered  to  the  skin  by  multiparticle  fallout  of  100-m  mean 
diameter  and  1000-ju  maximum  diameter  at  an  exposure  starting  time  of  104 
sec  after  detonation.  Tissue  depth,  100  ju. 

1°5r — i — i — i  rj  1  1 — m  1  1 — m 

—  Deposition  density,  mg/sq  ft  - 


10°  101  102  103 

RETENTION  TIME,  hr 


Fig.  14  Dose  delivered  to  the  skin  by  multiparticle  fallout  of  100-ju  mean 
diameter  and  1000-ju  maximum  diameter  at  an  exposure  starting  time  of  105 
sec  after  detonation.  Tissue  depth,  100  ju. 
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15-ktBuffalo-1  ^ 
(AWRE-T28/57,  p.  26) 


1  mm 


TWO  FALLOUT  PARTICLES  FROM  A  TOWER  SHOT  AT  THE  NEVADA  TEST  SITE.  THE 
PARTICLE  ON  THE  LEFT  IS  A  PERFECT  SPHERE  WITH  A  HIGHLY  GLOSSY  SURFACE; 
THE  ONE  ON  THE  RIGHT  HAS  MANY  PARTIALLY-ASSIMILATED  SMALLER  SPHERES 
ATTACHED  TO  ITS  SURFACE.  BOTH  PARTICLES  ARE  BLACK  AND  MAGNETIC  AND 
HAVE  A  SUPERFICIAL  METALLIC  APPEARANCE. 


THIN  SECTION  AND  RADIOGRAPH  OF  A  FALLOUT  PARTICLE  FROM  A  MODERATE-YIELD 
TOWER  SHOT  AT  THE  NEVADA  TEST  SITE.  THIS  PARTICLE  IS  COMPOSED  OF  A 
TRANSPARENT  GLASS  CORE  WITH  A  DARKLY  COLORED  IRON  OXIDE  GLASS  OUTER 
ZONE.  MOST  OF  THE  RADIOACTIVITY  IS  CONCENTRATED  IN  THE  OUTER  ZONE 


I  1  mm  1 

C.E.  Adorns.    The  Hature  of  Individual  Radioactive  Particles ♦  IV.  Fallout 
Particlee  From  A.B*D-  of  Operation  UPSEOT-KNOTHOIB*   U.S»  Kaval  Badio- 
logical  Defense  Laboratory  Beportj  USNRDL-ttO,  February  2h,  195k 


THIN  SECTION  AND  RADIOGRAPH  OF  A  FALLOUT  PARTICLE  FROM  A  SMALL-YIELD 
SURFACE  SHOT  AT  THE  NEVADA  TEST  SITE.  THE  PARTICLE  IS  A  TRANSPARENT 
YELLOW-BROWN  GLASS  WITH  MANY  INCLUSIONS  OF  GAS  BUBBLES  AND  UNMELTED 
MINERAL  GRAINS.  THE  RADIOACTIVITY  IS  DISTRIBUTED  IRREGULARLY  THROUGHOUT 
THE  GLASS  PHASE  OF  THE  PARTICLE 


1.2  KT  JANGLE-SUGAR  NEVADA  SURFACE  BURST 


C»E*  Adams ,  »t  al.    The  Nature  of  Individual  Radioactive  Particles.  I. 
Surface  and  Underground  A.B.D.  Particles  From  Operation  JANGLE •  U.S. 
Naval  Radiological  Defease  Laboratory  Report,  USNRDL-37V,  November  28, 

1952 


thin  section  and  radiograph  of  an  angular  fallout  particle  from  a 
large-yield  surface  shot  at  the  eniwetok  proving  grounds.  this  particle 
is  composed  almost  entirely  of  calcium  hydroxide  with  a  thin  outer  layer 
of  calcium  carbonate,  the  radioactivity  has  collected  on  the  surface 
and  has  diffused  a  short  distance  into  the  particle 
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RADIOLOGICAL  RECOVERY 
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FIXED  MILITARY  INSTALLATIONS 

1 958  handbook  on  fallout  decontamination,  Foreword: 

'The  problem  of  defense  against  the  contaminating  agents 
of  nuclear  and  radiological  warfare  weapons  has 
necessitated  the  development  of  countermeasures  to 
minimize  these  effects  and  permit  the  recovery  of  fixed 
military  installations  at  the  earliest  possible  time  after 
attack. ...  This  publication  was  prepared  by  the  U.S.  Naval 

Radiological  Defense  Laboratory. ...  The  information 

—  :  1  N:  

presented  is  based  on  ...  numerous  testsof  weapons  effects." 

DEPARTMENTS  OF  *HE  ARMY  AND  THE  NAVY 

april  1958     (241  pages  long) 
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REMOVAL  OF  SIMULATED  FALLOUT  FROM  ASPHALT 
STREETS  BY  FIREHOSING  TECHNIQUES 


by 

L.L.Wiltshire 
W.L.Owen 


In  general,  removal  effectiveness  Improves  with  increased 
particle  size  range  and  increased  mass  loading,    ibr  the  expenditure 
of  an  effort  of  k  nozzle-minutes  (12  man-minutes)  per  ICr  ft  ,  results 
ranged  as  follows: 

Particle  Size  Range  Nominal  Mass  Loading  Removal  Effectiveness 
 (uj   (g/ftg)   (Residual  Fraction), 

H  -  88  4.0  0.16 

2k.O  0.07 

350  -  700  4.0  0.005 

2k.O  0.003 


U.S.  NAVAL  RADIOLOGICAL 
DEFENSE  LABORATORY 

SAN    FRANCISCO    *    CALIFORNIA  94135 


jfTornatta 

AD482985 


W  T  —  393 
Copy 


JANGLE 


NEVADA  PROVING  GROUNDS 
OCTOBER-NOVEMBER  1951 

Project  2.3-2 

FOXHOLE  SHIELDING  OF  GAMMA  RADIATION 
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TABIE  3.1 

Distribution  of  Garma  Radiation  in  Foxholes  (Surface  Burst) 


Range 

(«) 

Location 

Two-man 
Foxhole 

One-man  5 
Foxhole 

Soil 
Pipe 

2000 

361*  Above  Surface 
Surface 

16*  Below  Surface 
32"  Below  Surface 
U8*  Below  Surface 

800  r 
700 

230    205  105 
2h     58  136 
12.8  22  62 

2500 

36*  Above  Surface 
Surface 

16"  Below  Surface 
32n  Below  Surface 
h&n  Below  Surface 

230  r 
220 

35     60  85 
7     15  26 
If      8.?  1?.? 

Surface 

16°  Below  Surface 
32  *  Below  Surface 
It8*  Below  Surface 

lln  t 
90 

23     36  55 
7.6  12.lt  19.U 
2.5    li.8  6.7 

55 

6.8  6.6 

2.5  2.1( 

1.6  1 

10 

0.5 

0 

35oo 

^^^^ 

36n  Above  Surface 
Surface 

16*  Below  Surface 
32" "Below  Surface 
1(8  *  Below  Surface 

id  r 

1.6    2.8  3.U 
•51  .99  1.9 

ltOOO 

36*  Above  Surface 
Surface 

16*  Below  Surface 
32*  Below  Surface 
i8*  Below  Surface 

17  r 
9.6 

1.6    3  5.6 
0.6    1.12  1.62 

-  0^35 
0.39  - 

17  r 
0.17 

l5oo 

36*  Above  Surface 
Surface 

16*  Below  Surface 
32"  Below  Surface 
1(8*  Below  Surface 

9.8  r 

M 

1      1.8  3.5 
0.5   0.7  LOU 
0.21  0.U  0.57 

5ooo 

36*  Above  Surface 
Surface 

16*  Below  Surface 
32*  Below  Surface 
o8*  Below  Surf  aoe 

1(.8  r 
2.7 

0.6    0.99  2.95 
0.3    0.5  0.75 
0.17  0.2  0.38 

KSTWCTED  DATA 
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CHAPTER  5 


CONCLUSIONS 


5*1     TOXBDIZ  SHTELDITJG  OF  QMi  RADIATION 
5*1*1     Surface  Detonation 

Standard  foxholes  provide  excellent  protection  to 
personnel  from  the  gamma  radiation  emitted  during  the  detonation  of 
an  atomic  weapon  on  the  surface  of  the  ground*   The  results  from  the 
comparatively  small  sized  weapon  employed  in  Operation  JANGEB  show 
that  2000  feet  from  the  burst,  the  location  of  the  closest  foxhole 
doses  of  about  60r  were  measured  at  the  bottom  of  a  foxhole,  less 
than  10  per  cent  of  the  dose  measured  3  feet  above  the  surface  of  the 
ground*   Due  to  the  location  of  the  foxhole  In  the  crosswind  direction, 
the  dose  at  the  bottom  was  caused  primarily  by  scattered  prompt  radia- 
tion plus  a  small  contribution  from  the  residual  activity  of  the  fis- 
sion products  on  the  surface  of  the  ground*   In  the  downwind  direction 
there  would  be  a  contribution  from  matter  that  falls  out  from  the 
cloud  into  the  foxhole  in  addition  to  the  above  mentioned*   This  fall- 
out will  depend  on  the  wind  velocity  for  a  given  sized  weapon,  and 
although  it  is  expected  to  increase  the  dose  in  the  foxholes,  es- 
pecially in  those  located  close  to  the  detonation,  it  is  relatively 
unimportant  in  comparison  to  the  prompt  and  residual  activity  since 
it  can  be  easily  shoveled  out  of  the  foxhole  in  a  short  tine* 

5*1*2    Ptaderground  Detonation 

*MM^fci^MMB  «VMtfMMUSSaS» 

With  the  possible  exception  of  those  located  in  the 
ma  dose  to  the  point  of  detonation  where  extensive  fall-out  occurs, 
foxhole?  also  provide  effective  shielding  in  the  ease  of  an  under- 
ground tetonation*  Even  within  this  area  of  extensive  fall-out,  which 
at  Operation  JA50I2  extended  approximately  2000  feet,  the  high  doses 
recorded  in  the  foxholes  could  be  greatly  reduced  by  digging  out  the 
radioactive  matter  that  fell  into  the  hole*  It  is  highly  probable 
that  one-half  the  doses  recorded  in  the  foxholes  located  within  2500 
feet  of  the  detonation  at  Operation  JANOXS  were  directly  attributable 
to  this  typ*  of  fall-out  and  most  likely  a  higher  percentage  at  dis- 
tances greater  than  2560  feet* 
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1.2  kt  SUGAR  test  (Nevada  surface  burst) 
610  m 

Source:  weapon  test  report  WT-414 
Gamma  dose  rate  (R/hr) 


Gamma  dose  (R) 


610  m- 


Downwind  distance 
I  914  m 


 r  1220  m 

 1 3350 m 

'14650  m 

^  ]  1830 

 2440  m 


610  m 

* y  914  m 
3350  m 
4650  m 
1220  m 

1830  m 

2440  m 

I 


10  100  1000  10* 

Time  after  burst  (seconds) 


1*2  kt  JANGLE  -  Sugar  Surface  burst  19  Nov  1951 
CLOUD  TOP  HEIGHT:       15,000  ft  MSL 
CRATER  DATA:    Diameter:   SK>  ft  maximum  dose  r 


Depth: 


Maximum  dose 
rate 
Distance 
Value  from 
(r/hr)    GZ  (ft) 


Maximum  contour 
distance  from  GZ  (ft) 


500 
r/hr 


300 
r/hr 


100 

r/hr 


540     900     2200   4900  12,500 


21  ft 


at  crater  lip 


7500  r/hr  at  H+l 
hour 


Contour  area 
(sq  mi) 

-^jjjj  —  Laurino,  YL  K*,  and  L  G.  Poppoff,  1953:  Contamination 

r/hr    r/hr     patterns  at  Operation  JANGLE.  U.  S.  Nav.  Had.  Def. 
0.05   0.15   0.55     Lab.  Rep.  USNRDL-399,  28  pp. 


500 
r/hr 


Olttonet  From  GZ.Y.r*     1  g  mph  mean  wind  speed 


Robbins,  Charles;  et  al •      "Airborne  Particle  Studies, 

JANGLE    Project  2.5a-l."       (In:     Operation  JANGLE, 
Particle  Studies,  WT-371-KX,  417  pages.)  Army 
Chemical  Center.       Washington,  D.  C. :  AFSWP. 
WT-394-EX.       October  1979.       198  Pages. 
AD/A995  072. 
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Chemical  Corps 


Major  Hugh  R.  Lehman  David  R.  Powers 

a.  S*  Air  Force  Chemioel  Corns 


James  D.  Wiloox 
Chemioil  Corps 


Ally  1962 
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Figure  5a  Concentration  of  Activity  in  the  Cloud 
as  a  Function  of  Distance  on  the  Down- 
wind Leg*   Filter  Sampler  Data, 
Activity  was  corrected  to  time  at  which 
cloud  passed  each  station* 


-  122 


weapon  test  report  WT-414 


g.9    INHALATION  STUDIES 

Dogs  and  aheap  were  exposed  on  the  ground  surface  and  in  foxhole? 
at  distances  of  2500  to  6000  feet  la  the  predicted  downwind  direction 
from  each  shot.    The  purpose  of  the  exposure  vas  to  allov  the  aasesaaent 
of  hazards  due  to  inhalation  of  radioactlre  dusts  associated  with  these 
detonations  and  to  compare  internal  and  external  radiation  dosegoe, 

Total  "body  activity  for  aniaali  exposed  in  the  underground  test 
ranged  from  Z  to  31  micro  curies  corrected  to  time  of  sacrifice.    Tor  lunj 
tissue!  integrated  dosage  due  to  "beta  emission  ranged  "between  0,2  and 
9*0  rep,    Radi  0  an  to  graphs  of  lung  tissues  indicated  the  presence  of  a 
few  alpha  emitting  particles.    Bone  analyses  indicated  aozae  uptcio  of 
Bal1^  and  Sr9<>, 

The  arounto  of  activity  taken  up  fey  the  combined  action  of  irhalrv- 
tioa  and  ideation  are  not  considered  to  to  physiologically  significant 
even  for  animals  rocoiving  cumulative  external  garr?.a  rcAlr.ticn  donc^cs 
up  to  ser oral  thousand  roentgens, 

77 

9.3    CLOTHING  IE00NTAX1  NATION  AND  57ALUAIIQN  QJ  LAUFDEY  MBEBDDS 

Standard  and  special  U,  S.  Army  Quartermaster  Corps  laundering 
methods  and  standard  laundry  equipment  were  evaluated  for  field  decon- 
tamination  of  clothing  and  selected  fabrics.    No  clothing  worn  by 
personnel  became  contaminated  to  a  significant  degree  during  this 
operation.    Therefore,  this  project  vas  carried  out  with  clothing 
deliberately  contaminated  with  radioactive  material  from  the  fall-out 
area. 

The  project  evaluated  the  standard  and  several  special  laundering 
formulae,  various  types  of  clothing  materials,  and  monitoring  Instruments 
(Project  6,7).    The  significant  result  of  this  project  in  the  indication 
that  .clothing  contamination  resulting  from  work  in  areas  contaminated 
by  atomic  bomb  detonations  will  not  produce  even  minor  injury  to  per- 
sonnel.   This  conclusion  is  based  on  consideration  of  the  data  on 
saturation  values  of  deliberate  clothing  contamination  reduced  to  one 
hour  after  detonation.    The  resultant  exposure  to  personnel  would  be 
less  than  that  required  to  produce  even  slight  skin  irritation  (com- 
parable to  mild  sunburn).    Other  conditions,  such  as  muddy  terrain  and 
ouch  higher  specific  activity,  could  increase  the  amount  of  contamination 
received  by  clothing,  but  an  in;rcase  in  level  of  several  orders  of 
magnitude  would  be  required  to  produce  injury.    In  these  cases  it  is 
certain  that  routine  standards  of  cleanliness  vould  effective?.^  prevent 
injury  from  thiB  cause. 


1.2  kt  UNCLE  test  (5.2  m  underground,  Nevada) 


Source:  weapon  test  report  WT-414 


Gamma  dose  rate  (R/hr) 


Gamma  dose  (R) 


1000 


Li- 


610  m 

914  m 
1220  m 
1830  m-J 

2440  m 


3350  m~ 
4270  m 

■610  m 


PHYSICAL,  CHEMICAL,  AND  RADIOLOGICAL  PROPERTIES  OF 
SLURRY  PARTICULATE  FALLOUT  COLLECTED  DURING 

OPERATION  REDWING 
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San  Francisco  24,  California 

Research  and  Development  Technical  Report  USNRDL-TR-170 

5  May  1957 
by 

N.H.  Farlow 
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Table  1  Slurry  Fallout  Particle  Data 


Time  of  No.  of       Average  Average     Average  Average. 

Arrival     Ship  Particles  NaCl  Mass  BLO  Mass   Density  Diameter^ 

Interval  station  Measured        (ug)  (ug)     ±Std.Dev.  ±Std.Dev. 

(H+hr)  ~  (g/cc)  (u) 


Havaho 


1  to 

3 

IPHB-13 

5to20 

7.77 

7.94 

1.38*0.04 

272±14 

3  to 

5 

IAG-39 

9tol4 

7.62 

4.49 

1.50±0.1 

229*24 

5  to 

6 

LST-611 

14 

1.61 

1.83 

1.41*0.04 

166*6 

7  to 

9 

YAG-40 

4tol0 

1.25 

1.08 

1.45*0.04 

142*22 

9  to 

10 

TAG-40 

5to23 

o.u 

0.60 

1.31*0.02 

110+5 

10  to 

11 

YAG-40 

Htol5 

0.66 

0.50 

1.43*0.03 

111±4 

11  to 

12 

YAG-40 

33 

0.30 

o.u 

1.32±0.01 

94*4 

12  to 

13 

YAG-AO 

28 

0.31 

0.31 

1..37±0.01 

96±2 

13  to 

14 

lAG^O 

6 

0.17 

0.27 

1.28*0.02 

86*7 

14  to 

15 

YAG-40 

5 

0.10 

0.18 

1.30*0.03 

75*2 

15  to 

18 

YAG-40 

13toU 

0.06 

0.32 

1.15*0.02 

84*4 

Totals 

133  to  182 

1.35±0.01 

(a)  The  diameter  of  the  spherical  slurry  droplet  at  the  time  of  arrival 
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WATER  SURFACE  BURST 

A  Fallout  Forecasting  Technique  With  Results  Obtained  at  the 
Eniwetok  Proving  Ground 

E.  A.  Schuert,  TJSNRDL  TR-139,  United  States  Naval  Radiological  Defense 
Laboratory,  San  Francisco,  Calif. 

Time  variation  of  the  winds  aloft 
In  most  of  the  observations  made  at  the  Eniwetok  Proving  Ground,  the  winds 
aloft  were  not  in  a  steady  state.  Significant  changes  in  the  winds  aloft  were 
observed  in  as  short  a  period  as  3  hours.  This  variability  was  probably  due  to 
the  fact  that  proper  firing  conditions  wThich  required  winds  that  would  deposit 
the  fallout  north  of  the  proving  ground,  occurred  only  during  an  unstable  synoptic 
situation  of  rather  short  duration. 
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HOT  LINE  =  HEIGHT  LINE  FROM  BASE  OF  MUSHROOM  DISC  (MAXIMUM  FALLOUT) 
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Rockets  were  employed  to  establish  the  radioactivity  profiles  within 
the  mushroom  cloud  (11).  Such  experimental  data  were  employed  in  the  re- 
finement of  the  physical  model  as  well  as  were  detailed  studies  of  the  effect 
of  time  and  space  variation  of  the  winds  aloft  on  the  trajectories  of  the  fallout 
particles.  This  data  greatly  improved  the  ability  of  the  model  to  predict  the 
fallout  and  continuing  refinements  are  being  made.  The  use  of  a  physical 
model  for  understanding  and  predicting  fallout  appears  justified  (12). 

A  fallout  forecasting  technique  has  been  developed  to  satisfy  the  immediate 
needs  of  the  military.  This  technique  employs  many  of  the  model  parameters 
established.  However  it  was  designed  for  operational  use  and  predicts  only 
the  perimeter  of  the  fallout  pattern  and  the  radiological  axis  of  the  area  or  "hot 
line"  (13,  14).  It  is  a  rapid  system  that  was  tested  at  Operation  Redwing  and 
proved  very  satisfactory  for  both  surface  land  and  surface  water  detonations. 
The  details  of  this  technique  are  described  in  the  enclosed  NRDL  Technical 
Reports  TR-127  and  TR-139. 
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Plotting  trajectories  for  each  particle  size  at  every  starting  elevation  is  the 
first  step  in  determining  the  resultant  fallout  pattern;  however,  the  drafting 
involved  is  tedious  and  time  consuming.  This  effort  can  be  reduced  greatly  by 
plotting  from  the  ground  up,  as  is  done  in  the  construction  of  a  wind  hodograph. 
Such  a  plot  is  made  by  starting  at  ground  zero  and  working  up  through  the 
altitude  increments  to  the  desired  elevation.  Although  this  technique  does  not 
plot  the  trajectory  of  the  particle,  it  does  define  the  arrival  points  on  the 
surface  of  the  earth  of  particles  starting  at  each  altitude  increment 


LAND  SURFACE  BURST 

A  Fallout  Forecasting  Technique  With  Results  Obtained  at  the 
Eniwetok  Proving  Ground 

E.  A.  Schuert,  USNRDL  TR-139,  United  States  Naval  Radiological  Defense 
Laboratory,  San  Francisco,  Calif. 
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Without  belaboring  this  point,  it  should  suffice  to  show  two  Interesting  ex- 
amples of  predicted  and  reconstructed  fallout  patterns.  One  is  from  a  burst  of 
roughly  30  kilotons  on  a  tower  in  Nevada,  the  Open  or  Civil  Defense  shot  of  May 
5, 1055. 


Eureka  /" 


Fioubi  6.— The  observed  fallout  distribution  (dashed  lines)  and  the  pattern  re- 
constructed by  the  Weather  Bureau  using  a  band  computation  with  time  and 
space  variation  of  winds  (solid  lines) .   May  5, 1055. 

Another  example  of  a  fallout  pattern  which  changed  its  direction  during  the 
later  stages  of  the  fallout  is  the  March  1,  1054,  Castle  shot  on  the  Bikini  atoll, 
referred  to  earlier.  In  this  case,  the  fallout  apparently  started  out  In  a  direction 
east-northeast,  but  a  continued  veering  of  the  wind  caused  It  to  curve  more  to  the 
east  and  east-southeast,  until  one  side  of  it  lay  across  some  neighboring  atolls. 
A  study  of  this  event  by  Rand  In  which  the  fallout  was  computed  with  the 
shot-time  wind  alone,  and  then  again  with  the  variable  (true)  wind,  shows 
clearly  how  the  pattern  must  have  curved  as  it  progressed.* 


»  Green  field,  8.  M.,  and  R.  R.  Rapp :  Fallout  Computation!  and  Caitle-BraTO — A  Cast 
Study,  Rand  Corp..  RM-1855,  January  1957  (secret  R.  D.). 


TabxjcS. — Jfean  absolute  bearing  change  of  integrated  wind* 
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Cuff,  R.  D. :  A  Study  of  the  Time  Variability  of  Intonated  Winds  Near  Las  Vegas. 
Nevada,  thesis  for  M.  8.  Degree,  Dept.  of  Meteorology,  Uslv.  of  Utah,  March  1957. 


It  will  be  noted  that  the  bigger  the  thickness  of  the  atmosphere  considered  in 
forming  the  integrated  wind  the  smaller  is  the  shift  of  the  wind.  This  probably 
reflects  the  fact  that  wind  shifts  at  one  level  may  sometimes  be  partially  can- 
celed by  opposite  wind  changes  at  another  altitude. 
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TR's  indicated,  on  the  average,  0.85  ±25  percent  of  the  survey  meter  readings 

60 

observed/calculated  ratio  varies  from  0.45  at  11.2  hours 

to  0.66  from  100  to  200  hours,  to  0.56  between  370  and  1,000  hours. 


Stotion 


Location 


ui 


io-i 


HOW  ISLAND  PLATFORM  F 
HOW  ISLANO  MONITORING  PTS 


Height 
25  FT 
3  FT 


Station  F  at  How  Island 

2.08  x  10"  fissions/ft2  (Table  B.27) 


■  TABLE 

B.  1 

Till 

nun 

r/hr 

23 

0. 0055 

24 

0.0086 

26 

0. 013 

27 

0. 051 

30 

0.47 

46 

1.09 

62 

2. 67 
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1.  Total  fission  yields  add  up  to  200%  (2  fission  fragments  per  fission) 
—  2.  Minimum  (at  mass  ~115)  is  shallower  for  higher  neutron  energies 
3.  Data  apply  to  fission  by  the  lowest  possible  energy  (thermal)  neutrons 

The  reason  for  the  peaks  at  masses  -100  and  -140  was  discovered  by  Marie 

Goeppert  Mayer  in  1948:  nuclei  with  "magic  numbers"  of  2,  8,  20,  50,  82,  or 

■  1 26  neutrons  or  protons  have  high  stability  due  to  closed  shells  of  2, 6, 1 2, 30, 

32,  and  44  nucleons  (nucleons,  unlike  electrons,  have  spin-orbital  interaction) 
— I  J  1  I  I  I  I  I  I  I  I  I  I  
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Radioactivity  in  the  Marine  Environment  (1971),  page  13 


Specific  activity  of  15  Mt  Bravo  fallout 
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AFSWP-978 

Krypton-89,  krypton -90 ,  and  xenon  -IkO,  which  are  present  during  the 
formation  of  the  fireball  and  are  precursors  for  strontium-89,  strontium- 
90,  and  barium-l^K),  have  very  little  tendency  to  be  incorporated  uni- 
formly in  the  particles  during  the  early  stage  of  formation.  These 
noble  gases,  when  associated  with  a  particle,  are  deposited  unevenly  on 
the  surface  layers  and  distributed  along  with  relatively  large  deposits 
of  inactive  debris  vhich  were  drawn  toward  the  fireball  too  late  to  form 
fused  radioactive  particles. 

Ik 

Both  strontium-89  and  strontium-90  are  examples  of  radioisotopes 
having  gaseous  precursors  and  are  thus  subject  to  a  high  degree  of 
fractionation. 

Krypton-89  9_£m^  Rubidium-89  ,^mil>  Strontium-89 

Krypton-90  y%  gec*    Kubidium-90  y  short^  strontium-9° 

31 

As  expected  from  the  earlier  discussion,  strontium  exhibits  very 
definite  fractionation.    On  one  series  of  air  samples  collected  at 
1*0,000  feet  at  Operation  CASTLE  after  the  Bravo  shot,  the  R  value  for 
strontium-89  was  0.35*    For  a  fall-out  sample  collected  on  land  at  ap- 
proximately 80  miles  from  the  burst  point,  the  R  value  for  strontium-89 
was  O.lU.    The  R  value  for  strontium-90  using  the  same  fall-out  sample  was 

0.29. 
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TABLE  2    (ZUNI,  barge  YFNB-29;   see  Table  B8  in  WT-1317) 


Weight,  Activity,  and  Fission  Values  for  the  Sized  Fraction*  From  the  10DX 

SampI*     (YFNB29/  17  km  from  ZUNI) 

Sise  Weight  Fissions 

Bang*      Gram*  Percent    Percent  Total    per  Bras 
(p)  ef  Total  of  Total  (id*)  (10») 


>iooo  37.70 

41.8 

15.8 

21. 

500-1000  If  1.91 

1*6.0 

60. 

250-  500  4.97 

5.5 

19.8 

26. 

li 

100-  250  3.51 

3.9 

10.7 

Ik. 

50-  100  0.60 

0-9 

3.0 

<50  1.38 

1.5 

n 

7.1 

5.1 

Total  90.27 

131. 

X.5 

TANS  W       (ZUNI:  BIKINI /HOW  ISLAND,  YFNB29,  YAG40;  TABLE  3.9  IN  WT-1317) 

Mean  Values  for  Several  Quantities,  for  Altered  and  Unaltered  Particles 


i  i  1 1.  1 1 1 1  -   »■  1 1.  ■  i,  — 

Melted  coral  sand  Unmelted  coral  sand 


Quantity  Altered  Unaltered  

Ko.  of  "  *    No.  of 

^^^^  Samples  Value       Samples      .  Value 

fiep/gaCxlO1*)  &        3-8    *  3.1        9         0.090  +  0^2> 

Ba£W>-B  value  5         0.090  +  0.068      8  2.1    + 1.2 

SxS9-B  value  7        0.018  +  0.010    10         O.65  +  0.17 

The  data  of  Table  k  show  that  the  value  of  fissions/gran  vaa  much 
larger  la  the  altered  particles  than  in  the  unaltered  particles.    The  R 
value  data  Indicates  that  the  altered  particles  vera  markedly  depleted  la 
Ba^-Lalto,  whereas  the  unaltered  particles  vera  enriched  in  Bal^-La11*0 

R  values 


With  respect  to  fractionation  of  radionuclides  it  has  long  been 
accepted  that  the  mass  €9  and  mass  11*0  chains  vhich  exist  for  long  time 
periods  ss  nchle  gases,  halogens  and  alkali  metals*  would  condense  late 
and  therefore  disproportionate  with  respect  to  less  volatile,  elements* 
0a  the  basis  of  long-lived  gaseous  precursors  it  would  be  predicted  that 
the  altered  or  salted  particles  would  exhibit  low  R  values  for  both  chains, 
with  the  89  smaller,  of  the  two*  This  was  verified  by  the  mean  B  values 
given  in  Table  4,  which  were  0.090  and  0.018  for  the  140  and  89  chains, 
respectively.  The  corresponding  values  for  the  unaltered  particles  of  2.1 
and  O.65  indicate  that  this  latter  class  of  particles  nay  be  important  as 
a  scavenger  of  these  nuclides. 

It  is  also  of  Interest  to  compare  R  values  obtained  in  this  study 
with  values  obtained  on  gross  fallout  samples.  The  latter  data  gave  Ba^^O 
R  values  and  Sr^  R  values  of  0.10  and  0.04  respectively**  in  the  lagoon 
samples.  The  low  R  values  for  the  gross  sample  from  the  lagoon  area  are 
similar  to  B  values  obtained  with  altered  particles  and  suggests  a  lagoon 
fallout  composed  primarily  of  altered  particles.  This  suggestion  is  sup- 
ported by  the  WHIM  sample  fission/gram  data  (described  above)  • 

*  BaJ-W  is  formed  by  the  decay  of  the  radioelements  Xe1^  (16-eec  half- 
life)  and  Csl*0  j£6-sec  half -life);  Srv9  i8  fonasd  by  the  decay  of  the 
redioelements  £ro9  (3.16-ain  half -life)  and  Rb°9  (15.4-min  half-lif e) . 

**  p.D.  LaRiviere>  USEHDL,  personal  communication. 
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The  lead  shield  prevents  fallout  material  from  settling  directly  on  detector 
"A,"  while  at  the  same  time  shielding  against  the  intercepted  material 
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RADIOACTIVE  FALLOUT  AND  ITS  EFFECTS  ON  MAN  pages  1689-1691 


A.  B.  R.  E.  HP/R  2017 

ATOMIC  EXEBGY  RESEARCH  ESTABLISHMENT 

The  Radiological  Dose  to  Persons  in  the  U.  K.  Due  to  Debris  From  Nuclear 

Test  Explosions  Prior  to  January  1956 

By  N.  G.  Stewart,  R.  N.  Crooks,  and  Miss  E.  M.  R.  Fisher 

Activity  from  Neutron  Capture 

Although  several  different  radioactive  elements  may  be  created  by  the  capture 
of  neutrons  in  materials  close  to  the  reacting  core  of  a  weapon,  the  only  signifi- 
cant reactions  to  produce  gamma-ray  emitters  are  those  associated  with  the 
natural  uranium  which  may  be  used  as  the  tamper  material  of  the  bomb. 


neutron  (low  energy)  +  U-238 


U-239 


Np-239 


Chemical  analysis  of  the  debris  shows  that  in  general  about  one  neutron  Is 
captured  in  this  way  for  every  fission  that  occurs,  both  in  nominal  bombs  and 
in  thermonuclear  explosions.  The  U239  decays  completely  before  reaching  the 
U.K.  but  at  four  days  after  time  of  burst  the  Np239  disintegration  rate  reaches 
a  peak  relative  to  that  of  the  fission  products  and  accounts  for  about  60%  of 
the  observed  activity  at  that  time. 

In  addition  to  this,  a  smaller  number  of  the  neutrons  in  a  thermonuclear 
explosion  undergo  an  (n,2n)  reaction  with  U238  to  form  6.7  day  U237  which  is 
also  a  0,7)  emitter. 


neutron  (high  energy)  +  U-238 


2  neutrons  +  U-237 
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the  induced  radiation  in  uranium  238.  We  can  refer  to  a  British 
report  which  indicates  that  around  60  percent  of  the  total  activity 
at  jE  days — activity  m  this  case  is  the  number  of  disintegrations — is 
due  to  the  uranium  239  and  neptunium  239  jthat  are  produced,  as  the 
British  say,  in  either  large  or  small  weapons.  1  believe  part  of  the 
hump  on  the  curves  m  the  early  times,  say  around  4  days,  is  largely 
Hue  to  this. 

EFFECTS  OF  NUCLEAR  WAR  205 

Dr.  Tkhtet.  Yes.  I  thought  this  might  be  an  appropriate  place  to 
comment  on  the  variation  of  the  average  energy,  it  is  clear  when 
vou  think  of  shielding,  because  the  eft'ectivenes^soFshielding  depends 
directly  on  the  average  energy  radiation  from  the  depositeoTiimteriaT 
As  1  mentioned,  "Dr7  Cook  at  our  laboratory  has  done  quite  a  bjF^f. 
work  on  this.  What  it  amounts  to  is  that  at  one  hour  the  average 
energy  is  about  one  Mev.  This  appears,  by  the  way,  in  the  tables  that 
are  in  my  written  statement  but  that  I  did  not  present  orally. 

Representative  Holefield.  Mev.  means? 

Dr.  Teiffet.  Million  electron  volts.  At  2  hours  it  drops  to  0.95. 
At  a  half  day,  to  0.6.  At  1  week  it  drops  to  0.35.  Then  it  begins  to 
go  up  again.  At  1  month,  it  is  0.65,  2  months  0.65.  The  meaning  of 
this  is  simply  that  there  is  a  period  around  1  week  when  if  induced 
products  are  important  m  the  bomb,  there  are  a  lot  oi"  radiations 
emanating  from  these,  but  the  energy  is  low  so  it  operates  to  reduce 
the  average  energy  m  this  period  and  shielding  is  immensely  more 
elective. 
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Strontium  90,  for  example,  has  33-second 
krypton  as  its  birth  predecessor ;  cesium  137  derives  from  a  fission  chain  headed 
up  by  22-seeond  iodine,  followed  by  3.9-minute  xenon.  Because  of  their  vola- 
tile or  gaseous  ancestry  in  the  fireball  or  bomb  cloud  a  number  of  the  high- 
yield  fission  products  are  formed  in  finely  divided  particles.  Some  of  these  are 
so  small  that  they  are  not  subject  to  gravitational  settling,  and  in  fact  they 
remain  suspended  in  the  earth's  atmosphere  for  many  years,  providing6  that 
they  reach  the  stratosphere  at  the  proper  latitude.  In  any  event  such  fission 
products  would  be  depleted  in  the  local  fallout. 

For  example,  the  irradiation  of  uranium238  with  „low. 
Mev_._jyeutrofrs  forms  neptunium  ^^T^^^^E^^^^^^^J^Ml  IZIIIE 

^af^r^BoraygetMaH^r~ 

At_higher  neutron  energies,  such  as  certain  types  of  thermonuclear  weapons 
■produce?  naturaFuranium  undergoes  an^n^n)~reYcHon 

'TagF^sTon  in  T7^/  The  data  of  R."  J.  has^a  fission 

cross,  section  of  OLgJbarn  fr^StaBMev.,  thereafter  climbing  to  a  plateau 
jvaiue  oQZF  13T3!eYf  ~Atl3.6  Mevrthere  Is ""a  threshoIiOor 

"the  (^n,2n)~r^ctiorrand  the  reactiojThasa  cr^£s^tion  of  1.4  barns  injbhe  range 
"oTTO  Mev.  The  ready  identification  of  U237  in  f allout  ^points To  fast~5ssion  of 
IfT^g^s  a^iaih  ener^source  in  high-yield  megaton-class  weapons. 


6  See  E.  A.  Mar  tell,  "Atmospheric  Circulation;  and  Deposition  of  Strontium  90  Debris," 
Air  Force  Cambridge  Research  Center  paper  (July  1958).  See  also  W.  F,  Libby,  "Radio- 
active Fallout/'  speech  of  Mar,  13,  1959. 

T  Variation  of  Gamma  Radiation  Rates  for  Different  Elements  Following  an  Underwater 
Nuclear  Detonation/'  J.  Colloid,  Science,  13  (1958)  ,  p.  829. 

e  "Reaction  Cross  Sections  of  U238  in  the  Low  Mev,  Ranse/'  UCRL  5323  (Aug.  15,  1958). 
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TABLE  2.11 


Navajo  Tewa 

Total  Yield,  Mt  4.50  5.01 
Fission  proportion     5%  87% 
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c%AA 
DUU 

CC                        1  ACA 

DO  1,050 

1AA 

OA                        1  CCA 

80  1,550 

1  AA 

100 

310  3,500 

Two -day 

Area  (mi2) 

Dose,  R 

Within  Contour 
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OPERATION  HURRICANE— THE  DOSE-RATE  CONTOURS  OF  THE 
RESIDUAL  RADIOACTIVE  CONTAMINATION 
25  KT  BURST  IN  SHIP 


FIG.  72 
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OWENS  9.7  kt  500  ft  balloon  air  burst        DOPPLER  1 1  kt  1500  ft  balloon  air  burst 
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EARLY  FOOD-CHAIN  KINETICS 

OF  RADIONUCLIDES  FOLLOWING  CLOSE-IN  FALLOUT 

FROM  A  SINGLE  NUCLEAR  DETONATION 

WILLIAM  E.  MARTIN 

University  of  California  at  Los  Angeles,  Los  Angeles,  California 


ABSTRACT 

Radiochemical  and  statistical  analyses  indicated  highly  significant 
correlations  between  estimates  of  gamma  dose  rates  and  maximum 
concentrations  of  89Sr  or  131I  in  plant  samples  and  in  the  stomach  con- 
tents, bone  ash,  or  thyroids  of  rabbits  collected  between  15  and  110 
miles  from  ground  zero. 


Table  1  — AVERAGE  GAMMA  DOSE  RATES,  R0,  AND  AVERAGE  CONCENTRA- 
TIONS OF  89Sr  IN  PLANT  SAMPLES  AND  IN  THE  BONE  ASH  OF  RABBITS 
COLLECTED  FROM  THE  SEDAN  FALLOUT  FIELD 


Study 
areas 

Initial  gamma 
dose  rates 

Days 
after 

Plant  samples, 
pc  89Sr/g  (dry) 

Rabbit  bone  ash, 
pc  89Sr/g  (dry) 

x        sx  n 

detonation 

x        sx  n 

x        sx  n 

All  areas       17.5   ±30%  20 
R0  =  mr/hr  at  3  ft  at  H  +  24. 

5 

15 
30 
60 

1436  *32%  20 
909  ±37%  20 
544  ±40%  20 
313    ±32%  20 

863  ±  29%  20 
1680  ±38%  20 
2097  ±  30%  20 
1389   ±34%  20 

x  =  mean,  sx  =  standard  error  expressed  as  a  percentage  of  the  mean,  and 
n  =  number  of  samples. 


Table  2—  AVERAGE  CONCENTRATIONS  OF  131I  IN  PLANT  SAMPLES  AND  IN  THE 
THYROIDS  OF  RABBITS  COLLECTED  FROM  THE  SEDAN  FALLOUT  FIELD 


Study 
areas 


Days 
after 
detonation 


Plant  samples,       Rabbit  thyroids, 
pc  131l/g  (dry)       nc  131I  per  thyroid 


sx 


n 


sx 


n 


All  areas  5  3606   ±40%  20 

15  984    ±40%  20 

30  113    ±27%  20 


221  ±28%  19 
74  ±  36%  20 
12    ±50%  20 


x  =  mean,  sx  =  standard  error  expressed  as  a  percentage  of  the  mean,  and 
n  =  number  of  samples. 

Our  estimates  of  effective  half-lives  on  plants  in 
the  Sedan  fallout  field,  18  days  for  89Sr  and  5.0  to  5.5  days  for  131I, 
indicate  environmental  half-lives  (i.e.,  half-time  rates  of  loss  due  to 
all  causes  other  than  radioactive  decay)  of  approximately  28  days  for 
89Sr  and  15  days  for  131I.  Since  there  was  little  or  no  rain  in  the  area  of 
the  Sedan  fallout  field  during  the  period  of  this  study,  the  environmental 
half- life  of  89Sr  on  plants  can  be  attributed  primarily  to  wind  action  that 
removed  particles  from  foliage  or  foliage  from  plants.  The  shorter 
environmental  half-life  of  131I  on  plants  may  reflect  the  combined  ef- 
fects of  wind  action  and  sublimation.  1#  2 

1.  W.  E.  Martin,  Losses  of  Sr*a,  Sr89t  and  I131  from  Fallout  Contaminated 
Plants,  Radiation  Botany,  in  press. 

2.  W,  E.  Martin,  Loss  of  I131  from  Fallout-contaminated  Vegetation,  Health 
Phys.,  9:  1141-1148  (1963). 
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Fig.  8 — Hypothetical  concentrations  of  mI  on  pasture 
plants,  in  cow  milk,  and  in  human  thyroids  following 
environmental  contamination  by  a  single  fallout  event. 
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CESIUM-137  AND  STRONTIUM-90  RETENTION 
FOLLOWING  AN  ACUTE  INGESTION 
OF  RONGELAP  FOOD 


EDWARD  P.  HARDY,  Jr.,*  JOSEPH  RIVERA,*  and  ROBERT  A.  CONARDt 

*  Health  and  Safety  Laboratory,  U.  S.  Atomic  Energy  Commission,  New  York, 

New  York,  and  tBrookhaven  National  Laboratory,  Upton,  New  York. 
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Percent  retention  of  90Sr  from  Rongelap  food 
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THE  SIGNIFICANCE  OF  LONG-LIVED  NUCLIDES 
AFTER  A  NUCLEAR  WAR 

R.  SCOTT  RUSSELL,  B.  O.  BARTLETT,  and  R.  S.  BRUCE 

Agricultural  Research  Council,  Letcombe  Laboratory,  Wantage,  Berkshire,  England 

ABSTRACT 

The  radiation  doses  from  the  long-lived  nuclides  90Sr  and  1  37Cs,  to  which  the  surviving 
population  might  be  exposed  after  a  nuclear  war,  are  considered  using  a  new  evaluation  of 
the  transfer  of  *  0  Sr  into  food  chains. 

As  an  example,  it  is  estimated  that,  in  an  area  where  the  initial  deposit  of  near-in  fallout 
delivered  100  R/hr  at  1  hr  and  there  was  subsequent  worldwide  fallout  from  5000  Mt  of 
fission,  the  dose  commitment  would  be  about  2  rads  to  the  bone  marrow  of  the  population 
and  1  rad  to  the  whole  body.  Worldwide  fallout  would  be  responsible  for  the  major  part  of 
these  doses. 

It  is  now  widely  recognized  that  long-lived  fission  products  would  make  a 
negligible  contribution  to  the  radiation  exposure  of  the  population  in  heavily 
contaminated  areas  shortly  after  a  nuclear  attack.  The  external  radiation  dose 
would  usually  be  dominant,  and,  if  simple  precautions  were  taken  to  avoid  the 
superficial  contamination  of  foodstuffs,  the  entry  of  1 3 1 1  into  milk  would  cause 
the  only  important  problem  of  dietary  contamination.  Thus,  for  example, 
infants  probably  would  not  receive  doses  of  more  than  0. 1  rad  to  bone  marrow 
from  90 Sr  nor  more  than  0.01  rad  from  137Cs  in  the  weeks  after  a  nuclear 
attack  if  they  were  fed  continuously  with  milk  produced  in  an  area  where  the 
external  dose  rate  at  1  hr  after  detonation  had  been  100  R/hr.  Doses  to  the 
thyroid  from  1 3 1 1  might,  however,  exceed  200  rads. 


1958  I  960  1962  1964  1966  1968 

Fig.  1  Strontium-90  in  fallout  and  milk  in  the  United  Kingdom,  1958  to 
1969. 
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